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‘Notice to all Active Members 


of M. ember Associations 


Your prompt payment of 1956 dues 
will avoid interruption in receipt of 


SEWAGE AND INDUSTRIAL WASTES 
as well as other Federation services, 
Undue delay may make it impossible for 
a complete volume of the JOURNAL to 
be furnished. | 


Please remit directly to your Mem- 
ber Association Secretary immediately 
upon receipt of the frst dues notice 


from him. 
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SEWAGE AND INDUSTRIAL WASTES 


Greater 
Flexibility in 
Comminution 


For Sewage Flows From .005 to 
250 MGD Per Machine Installed 
In A 6” Pipe, A Basin Or A 
Rectangular Channel Section. 


The greater flexibility and wide applicability of 
comminution made possible by the equipment 
illustrated here is the result of Chicago Pump 
Company's original development of comminution 
and the Comminutor and its 20 years of expe- 
rience in over 4000 installations of exclusively 
successful comminution. 


*Continuous screening and subsurface cutting 
of coarse sewage material without removal 
from the sewage flow, eliminating unsightly 
mess, nuisance and odor from screenings. 


4 


Model Barminutor Screening and Comminu- 
ting Machine. Designed for use in rectangular 
channel sections 4 to 12 feet wide, sized for flows 
of 10 MGD and upwards. 


The C i 

chine. Designed for use hydraulically 
feeder basin, sized for flows from .175 to 25 
MGD per machine. 


ing and Com- 
gned for use in rectangular 
channel sections 1 to 3 feet wide, sized for flows 
from .09 to 15 MGD. 


Model 7B Com- 
minutor Screen- 
ing and Com- 
minuting Mc- 
chine. Designed 
for use in 6” or 
8” sewer pipe, 
sized for flows 


CHICAGO PUMP COMPANY 


Subsidiary of Food Machinery and Chemical Corporation - 


SEWAGE EQUIPMENT DIVISION 
#22 DIVERSEY PARKWAY CHICAGO 14, 


re. Combination 


herder 


and Vertical Water 
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SEWAGE AND INDUSTRIAL WASTES 


Chlorinizer 
Conserves Water 
at Monterey 
Sewage Works 


This is Supt. McCormack of the Monterey, 
Cal. Sewage Works — standing beside Builders 
Model DVS-A Automatic-Proportional Chlorin- 
izer Except for the small dribble of clear water 
for chlorine control valve pressure, this simple 
chlorine gas feeder operates entirely on re- 
claimed sewage effluent, providing an important 
economy in the plant’s operating budget. The 
rate of chlorine dosage is governed by a Build- 
ers Chronoflo Effluent Meter which automatic- 
ally and accurately proportions the chlorine 
feed to the effluent flow. 


All who have participated in this project — 
City Engr. Maurice Pearce, Supt. McCormack, 
and Harry N. Jenks, Consulting Engr. of Palo 
Alto — are well pleased with the performance 
of this system. Chlorinizer’s ready adaptability 
to automatic-proportional control, plus its highly 
efficient performance on a minimum quantity 
of clear water, are advantages which hove 
really paid off for Monterey. 

However you plan to solve your chlori- 
nation problem (by manual, flow-proportional, 
or program control) Chlorinizer has many 
economies for you. Send today for Chiorinizer 
Bulletins, to Builders-Providence, Inc., 368 Harris 
Avenue, Providence 1, Rhode Island. 


BUILDERS- PROVIDENCE 


DIVISION OF B-I-F 


INDUSTRIES, 


SUILOERS FROM FOUNDRY © PROPORTIONEERS, INC OMEGA MACHINE CO. 


INC. 
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Alabama Water and Sewage Assn.* 
W. L. Samuet, Secretary 
c/o Byrd L. Moore & Co. 
Box 143 

Fairhope, Alabama 


Arizona Sewage and Water Works Asen.* 
QuentTIN M. Megs, Sec-Treas. 
721 N. Olsen 
Tucson, Ariz. 


Arkapsas Water and Se e Conf.* 
Dr. Harrison Hare, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 


California Sewage and Industrial Wastes Assn. 
J. C. Matrery, Sec.-Treas. 
4822 N. Dunsmore Ave. 
La Crescenta, Calif. 


Canadian Institute on Sewage and Sanitation 
Dr, A. E. Berry, Sec.-Treas. 
Administrative Office 
72 Grenville St. 
Toronto, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
Gsorce F. Bernaver, Sec.-Treas. 
713 Chapman St. 
Madison, Wis. 
Dakota Water and Sewage Works Conf. 


North Dakota Section* 
H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak. 


South Dakota Section* 
Cuarzes E. Cart, See 
c/o Div. of Sanitary Engin —" 
State Board of H Pierre, S. Dak. 
Federal Sewage Research Assn. 
Keitu S. Krause, Sec.-Treas. 


Room 904, 1114 Commerce St. 
Dallas, Texas 


rie. Sewage and Industrial Wastes Assn. 
M. E. Dawkins, Sec.-Treas. 
| Box 4817 
Jacksonville 1, Fla. 


Georgia Water and Sewage Assn.* 
A. T, Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


(Germany) Abwassertechnische Vereinigung 
To Sec.-Treas. 
Theaterstrasse 24 
Bonn, Germany 


Institute of Sewage Purification 
W. F. A. Snoox, Sec. 
10, Cromwell Place 
South Kensington 
London, S. W. 7, England 


Institution of Sanitary Engineers 
Ernest V. Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


Iowa Sewage and Industrial Wastes Assn. 
L. F. Sxorczesxt, Sec.-Treas. 
207 South 15th Ave. 
Marshalltown, Iowa 


Kansas Sewage and Industrial Wastes Asen. 
Rogert H. Hess, Sec.-Treas. 
Supt. of Water and Sewage Treatment 
City Building 
Wichita 2, Kansas 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, ts -Treas 
420 Sixth Ave., N , Nashville 3, Tenn. 
Loulsiana Guntunen on Water Supply and 
Sewerage * 
Grorce H. West, Sec.-Treas 
P. O, Box 15, Water Dept., ‘Lake Charles, La. 


* Sewage ¢ Works Section. 
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FSIWA MEMBER ASSOCIATIONS 


Maryland-Delaware W — and Sewage Assn.* 
W. M. Brnctey, Sec.-Tre 
2411 N. Charles St., Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bidg., Lansing 4, Michigan 
Missour!l Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas 
c/o State Office Bidg., Sixth. Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Morrison & Maierle Inc. 
Helena, Montana 


Nebraska Sewage and Industrial Wastes Assn. 
J. Lecntrenserc, Secretary-Treasurer 
614 Standard Oil Bidg., Omaha, Neb. 
New England Sewage and Industrial Wastes 
sen. 
Henry Munroe, Sec.-Treas. 
75 Pine Avenue, Cranston 10, R. I. 


New Jersey Sewage and Industrial Wastes 


ssn. 
Micuaet S. Kacnorsxy, Sec.-Treas. 
P. O. Box 766, Manville, N. J. 


New York Sewage and Industrial Wastes Assn. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plans, N. Y. 
— Carolina Sewage and Industrial Waste 
sen. 
W. E. Lone, Jr., -Treas. 
Box 2091, Raleigh, N Cc. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bidg., a 15, Ohio 
a Water, Sewage and Industrial Wastes 
on 
Joun P. Smouse, Sec.-Treas 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Water W. Saxton, Sec.-Treas. 
408 Old Capitol Bldg. 
Olympia, 
or teens Sewage and Industrial Wastes 
sen. 
B. S. Busn, Sec.-Treas. 
ge Pennsylvania Dept. of Health 
irby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rosert J. Auto, Sec.-Treas. 
c/o Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
ay Mountain Sewage and Industrial Wastes 
ssn. 
Joun R. Peterson, Sec.-Treas 
376 City and County Bldg., eens 2, Colorado 
South Carolina Water and Sewage Works 
sen. 
A. Kors, Sec.-Treas 
1329 Ellison Rd., Columbia, S. C. 
(Sweden) Fireningen Fir Vattenhygien 
Erxtx Jonsson, Secretary 
Box 5038, Stockholm 5, Sweden 
(Switzerland) Verband Schweizerischer Abwas- 
serfachieute 
Epuarp Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Assn.* 
V. M. Sec.-Treas. 
2202 Indian Trail, Austin, Tex. 
Industrial Wastes and Sewage Works 
sen 
Hamrick, Sec.-Treas. 
F.D. 8, Box 
Richmond, va 
“— Virginia Sewage and Industrial Wastes 
aan. 
Guten O. Fortney, Sec.-Treas. 
State Dept. of Health, Charleston, W. Va. 
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Simplex Type B 
Air Release Valve 


One 2" connection | 
to your sewage main 


Here’s the low-cost way to reduce 
the high costs of pumping sewage. 
The Simplex Type B Air Release 
Valve rids lines of entrained air and 
sewage gases . . . puts an end to bind- 
ing at high points. It quickly pays 
for itself by lowering the friction 


head, increasing pumping capacity. 
How you save! When air and 
gases collect in the upper valve shell, 
they depress the rugged ball float . . . 
automatically opening the needle 
valve so that all entrained air and gas 
escape immediately! 


CHECK THESE ADVANTAGES! 
@ Reliable! Bronze seat with silicon rubber-tipped valve stem designed to 


prevent sticking shut or leaking water. 


@ Rugged! Cast iron shell and non-corrodible float can take pressures 


up to 250 psig. 


@ Simple—few parts, just one lever movement. 


@ Vacuum-holder prevents loss of prime. 


@ Easy back-flushing with no permanent connection to clear water supply. 
@ Shipped complete with pipe leg to collect sediment and valve to blow it off. 
@ Easy to install—just one quick connection. 


WRITE FOR BULLETIN 1204 


Simplex Valve & Meter Company, Dept. $!-1 
7 East Orange Street, Lancaster, Pa. 
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SEWAGE AND INDUSTRIAL WASTES 


MEMBER ASSOCIATION MEETINGS 


Association 


New York Sewage 
and Industrial Wastes Assn. 


Texas Water and 
Sewage Assn. 


New Jersey Sewage and 
Industrial Wastes Assn. 


Arkansas Water and 
Sewage Conference 
(Silver Anniversary) 


Kansas Sewage and 
Industrial Wastes Assn. 


Montana Sewage and 
Industrial Wastes Assn. 


Arizona Sewage and 
Industrial Wastes Assn. 


Virginia Industrial Wastes 
and Sewage Works Assn. 


California Sewage and 
Industrial Wastes Assn. 


Maryland-Delaware Water and 
Sewage Assn. 


Michigan Sewage and 
Industrial Wastes Assn. 


Ohio Sewage and Industrial Wastes 


Treatment Conference 


Central States Sewage and 
Industrial Wastes Assn. 


Place 


Belmont-Plaza 
New York City, N. Y. 


Texas A & M College 
College Station, Tex. 


Hotel Traymore 
Atlantie City, N. J. 


Marion Hotel 
Little Rock, Ark. 


Jayhawk Hotel 
Topeka, Kansas 


Murray Hotel 
Livingston, Montana 


Buena Vista Hotel 
Safford, Arizona 
Natural Bridge Hotel 
Natural Bridge, Va. 


Santa Rosa Hotel 
Santa Rosa, Calif. 


Willard Hotel 
Washington, D. C. 


Whitcomb Hotel 
St. Joseph, Mich. 


Hotel Carter 
Cleveland, Ohio 


Northland Hotel 
Green Bay, Wis. 


Time 


Jan. 18-20, 1956 


Mar. 5-9, 1956 


. 14-16, 1956 


. 19-21, 1956 


. 4-6, 1956 


. 5, 1956 


. 5-7, 1956 


. 19-20, 1956 


. 25-28, 1956 


May 10-11, 1956 


May 14-16, 1956 


June 13-15, 1956 


June 20-22, 1956 


TWENTY-NINTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 


in conjunction with 
California Sewage and Industrial Wastes Association 


Statler Hotel, Los Angeles, California 
October 8-11, 1956 
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SEWAGE AND INDUSTRIAL WASTES 


Disposal of i 
metal finishing 
wastes-as easy 


1. CYCLATOR® Clarifier: A high-capacity 
unit for removing metals, soluble oils and 


suspended solids, and for pH adjustment. 


Treatment of pickle liquors, detergents, 
plating solutions, coolants and rinse 
waters is rapid and economical when you 
use INFILCO equipment. One or more 

of the units shown here will provide 

a permanent solution for your 

waste disposal problem. 


2. VORTI-MIX® Circulator: For primary 
treatment of plating wastes which contain 
chromates and cyanide. Also applied to 
pickle liquor neutralization and 
cracking of oil emulsions. 


3. PRIMARY CLARIFIER: For recovery 
of oil and removal of settleable solids 
when two stage treatment is required. 


The proven success of this 
equipment in the metal 
finishing industry is your 
assurance of satisfaction. 
See your consulting 
engineer or write for 
complete information. 


INFILCO INC. 


filtration, 
921 South Campbell Ave., 
Tucson, Arizona biclogicc! treatment. 
Offices in principal cities 
in North America 
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SEWAGE AND INDUSTRIAL WASTES 


MEMBERSHIP OF A 


OF ALL 6-INCH AND LARGER CAST IRON WATER MAINS EVER 
» LAID IN 25 REPRESENTATIVE CITIES ARE STILL IN SERVICE. 


Based on the findings of a survey conducted by leading water works engineers. 


CAST IRON PIPE 
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SEWAGE AND INDUSTRIAL WASTES 


DISTINGUISHED CLUB... 


The Cast Iron Pipe Century Club is the most 
unusual club in the world. Membership is limited to 
municipal, or privately-owned, water and gas supply 
systems having cast iron seains in service for a century 
or more. Although the Club is formally constivuted, 
there are no dues, no regular meetings, and no obliga- 
tions other than to inform the Recording Secretary if 
and when the qualifying water or gas main is taken 
out of service, or, sold for re-use. 

In spite of the unique requirements for membership, 


the Club roster grows, year by year, from 18 in 1947 
to 73 in 1955. Members comprise 38 water and 35 gas 
utilities, in cities large and small, from the Pacific to 
the Atlantic, from Canada to the Gulf. 

If your records show a cast iron main in service, laid 
acentury or more ago, the Club invites you to send for 
a handsome framed Certificate of Honorary Member- 
ship. Address Thomas F. Wolfe, Recording Secretary, 
Cast Iron Pipe Century Club, Peoples < Gas Bidg., 
Chicago 3, Illinois. 


Michigan 
FALL RIVER, Mow 
River Ges 


jerich Gos Company, inc. 
FREDERICKSBURG, Virginie 
HALIFAX, Nove Scotie 


UISWILLE, 
t 


c. i. P. CENTURY CLUB NOW HAS 73 MEMBERS! 


MONTREAL, Quebec 

Public Werte Dept. Worer-Works & Sewerage Division 
“NASHUA New Hompshire 

Pennichuck Water Werks 


tment 
BRUNSWICK. New 


City of Peinesville, Ges District Depertment 
— 
entral Light 
PHILADELPHIA 
tment Works, Bureau of Water 
PHILADELPHIA, 
Philedelphic Ges Works Co. 
PITTSBURGH, Pennsylvanio 


Bureow of W 
PLYMOUTH, Messechusetts 


PROVIDENCE, Rhode Intend 
Compeny 


INCHES eR, Virginie 
later Department 
WINSTON-SALEM, Merth Cereline 
Water Deportment 
Compony 
TANESVILLE, Obie 
Water Depertment 


ALBANY, Mew York 
Sie Department of Water ond Weter Supply 
ALBANY, New York 
Niegore Mohawk Power Corp. (Gas) 
ALEXANDRIA, Virginio 
‘ Alexendrie Water Company 
“ALLENTOWN, Pennsylvania rsey 
Bureew of Woter Ges Co 
BALTIMORE, Meryland NEW HAVEN, Connecticut 
of Weter, Dept. of Public Works New Maven Gor Compeny 
BALTIMORE, NEW ORLEANS. Lovisione 
ny Consolidated Electric Light and Power Co. New Orleans Public Service, Inc. (Ges) 
BOSTON, Mossoctusetts NEWARK, New Jersey 
Public Works Dept, Weter Division Public Service Electric & Ges Company 
BOSTON Massechusetts NEW YORK, New York » 
Boston Consolidated Gor Co. Department of Water, Gas & Electricity { 
BOUND BROOK, New NORRISTOWN, Penntylvenie } 
Public Service Electric & Co. Philadelphic Electric Co., Ges Dept. 
BRIDGEPORT, Connecticut 
3 Bridgeport Gos Light Compeny 
BUFFALO, New York 
gi: Deporiment of Public Works, Division of Weter 
CHARLESTON, South Coreline 
Sevth Corolina Electric & Ges Co. 
CHICAGO, IMlinois 
Peoples Ges Light Coke Compeny 
CHICAGO, Illinois \ 
Water Works Depertment of Public Wi 
CINCINNATI, 
Cincinnoti Ges & Electric Co. Ply ompany 
COLUMBIA, Pennsylvania nie 
Columbie Weter Compeny 
DETROIT, Michigan 
Boord of Water Commissioners 
DETROIT. Michigon QUEBEC, Conede 
tidoted Gos Co Quebec Power Sompeny, Ges Division 
4 hone READING, Pennsyty: 
ine Ges & Electric Compeny Bureeu of Water 
& ochusetts RICHMOND, Virginio 
Works Company Deportment of Public Utilities (Ges) 
FREDERICK, Moryland RICHMOND, 
City of Frederick Woter Dept Department of Public Utilities (Weter) 
FREDERICK, Merylend ROCHESTER, New York 
Rochester Gas & Electric Corp. 
SACRAMENTO, Californie 
Division of Weter & Sewers 
a ST. JOHN, New Brunswick 
Public Service Commission, Public Weter Supply Water & Sewerage Deperiment 
MARTFORD, Connecticut ST. LOUIS, Missouri 
Connecticut SALEM, Mossochusetts 
Water Bureau of the Metropolitan District North Shore Gos Compeny 
HUNTSVILLE, Alabeme “SPRINGFIELD 
Municipal Weter Works Central illinois Compeny 
INDIANAPOLIS, Indione SYRACUSE, New 
Citizens Ges & Coke Utility Tg cad of Engineering 
LANCASTER, Pennsytveni TORONTO, 
The Consumer's Ges Coe. of Terente 
to TROY, New York 
Depertment of Public Works 
Uric, 
MADISON, Indiene WHEELING, Weer Virginie 
Norvral Ges Service, Inc. City of Wheeling Water Depertment 
“MINERSVILLE, Pennsylvenio WILMINGTON, Delewere 
The Municipel Authority of the Borough of Marersville 
MOBILE, Alebeme 
Mobile Gos Service Corp. 
MOBILE, Alabeme 
Mobile Weter Werks Compony 
MONTREAL Quebec 
Qvebec Mydro-Electic Commission 
“New Members in 1955 
iq 
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Safe Handling of Surplus 


Sewage Gases 


52A 


VAREC 


Modern Sewage Treatment Plants, 
like other processing plants, require 
equipment specifically designed to main- 
tain conditions which will produce maxi- 
mum operating efficiency. 

VAREC equipment has become 
recognized as “‘standard” for safe and 
efficient sewage gas handling. It is 
simple, foolproof and dependable — yet 
designed to meet the highest engineer- 


SEWAGE GAS CONTROL 
and SAFETY DEVICES 


ing standards of accuracy, sensitivity 
and reliability. 

The photograph above illustrates a 
typical VAREC control and waste gas 
burner installation for safe disposal of 
excess gases. 

For additional details on this instal- 
lation, or information on other available 
VAREC equipment, contact your nearest 
VAREC representative or address: 


VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, Calif. 
Cable address: VAREC COMPTON Calif. (U.S.A.) All Codes 


$-11 


Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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SEWAGE AND INDUSTRIAL WASTES 


THE SUN’S HEAT AND GIANT REFLECTORS may convert cosmic 
energy into power that will prope! spoce ships to distant planets. 


100 years from now... 
WE MAY ‘SIGHT SEE” ON MARS 


A century from now, when undreamed-of marvels trans- 
form our way of life, civilization will still rely on one familiar 
public servant: the cast iron pipe laid today will continue to 
carry water and gas to the homes of the future. 

Proof? 69 American cities and towns are still using cast 
iron water and gas mains over a century old. And today’s 
modernized cast iron pipe... centrifugally cast and quality 
controlled ...is even stronger, tougher, more serviceable. 

U.S. Pipe is proud to be one of the leaders in a forward-look- 
ing industry whose service to ths world is measured in centuries. 


U. AND FOUNDRY COMPANY, General Office: Bir 


WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURMACES TO FINISHED FIFE. 
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versatile, 
dependable 


..at lowest cost® 


of lubricated plug valve leadership 


ROCKWELL- 
Nordstrom 
VALVES 


Lubricant Sealed for 
ut-o 


ROCKWELL-Nordstrom VALVES 
for any wastes service 


The photo above shows Rockwell-Nordstrom 
valves on sump discharge and supernatant lines 
at one of the country’s largest sewage disposal 
plants. 40 years of experience have proven that 
Rockwell-Nordstrom valves allow complete versa- 
tility of installation, dependable flow control on 
any wastes service, and lowest maintenance cost. 

Rockwell-Nordstrom valves are ideal for 
wrench, chain wheel, gear, floor stand and power 
operation because quarter-turn operation is two to 
five times faster than ordinary valves. Stream- 
lined flow passages minimize pressure loss on low 
pressure sewage gas as well as heavy sludge. The 
tapered plug is “‘cushioned”’ on its seat by pres- 
surized lubricant for instant, smooth operation. 
Lubricant in Rockwell-Nordstrom valves also 
eliminates metal-to-metal wearing friction. Main- 
tenance and down time costs are lower than any 
other valve. 

Write for more information on how you can 
have dependable, trouble-free valve service at 
lowest cost with Rockwell-Nordstrom valves. 


Canadian Valve Licensee: Peacock Brothers Limited 


Rockwell Manufacturing Company 
Pittsburgh 8, Pennsylvania 


[] Please send me Bulletin C-5200. 
(_] Please have your sales engineer coll. 


Name 
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COLUMBIA, MO. 


CLAY PIPE 


COLUMBIA, MissOURI’S latest municipal 
sewerage improvement project called for 
more than 42,000 feet of 24-inch to 36- 
inch Vitrified Clay Pipe. A large section 
of the project is located in the city’s at- 
tractive university district, where officials 
are especially interested in avoiding un- 
sightly repair jobs in the years ahead. 
Other parts of the line were laid adjacent 


to a creek, making leak-proof, infiltra- FOR COLUMBIA, MO.—S. E 
tion proof joints a ““must.”” With these re- Grundler, City Engineer 
quirements in mind, officials in charge of CONSULTING ENGINEERS —Black 

and Veatch, Kansas City, Mo. 
the project specified Vitrified Clay Pipe 


: CONTRACTORS: B & G Construction 
. . the only pipe that never wears out. Company, Carthage, Mo., Supt. 


A wide variety of new jointing methods, Roy E. Fuller, and Foreman Lewis 


developed through industry-wide re- Sis 


search, insure absolutely tight lines—even 
in high-water-table areas. For permanent 
service, always specify and install Clay 
Pipe. It’s guaranteed for half a century. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. — 
1820 N. Street, N.W., Washington 6, D. C. 


206 Connally Bidg., Atianta 3, Ga. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 

703 Ninth & Hill Bidg., Los Angeles 15, Calif. 

311 High Long Bidg., 5 E. Long St., Columbus 15, O. 


C-156-1A 


Progress in Public Health - Through Clay Pipe Research 


- For Trouble-Free Service, Infiltration-Proof Joints 
rid 
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Floorstand equipped with Motor Unit... control panel, 
motor, limit switch and push button station. 


Chapman Motor Units have 
fewer components than any other 
units, providing greater depend- 
ability, much lower maintenance 
costs. 


There are only two pinions 
and two gears in the motor re- 
duction train: drift is eliminated 
and lash is negligible. Your 
valves seat tight, but not too 
tight. Operation is a4/ways smooth 
and trouble-free. 

You can mount the Chapman 
Motor Unit in any position, at 
any angle required. The rugged 


The CHAPMAN Valve 


Simple and 


CHAPMAN’S 
MOTOR UNIT 


for Valves, Floorstands 
and Sluice Gates 


Simple, durable mechanism of Chapman's Motor Unit. 
Handwheel remains stationary during motor operation. 


stub-tooth gears require no 
grease or oil bath . . . yet run 
smoothly, quietly, with minimum 
wear. 

Weatherproof and steam tight, 
Chapman’s floorstand units are 
shipped completely wired, ready 
to connect to your power leads, 
for easy, rapid installation. This 
modern motor unit is depend- 
able and economical. Send for 
new catalog No. 51. 


Manufacturing Company 
INDIAN ORCHARD, MASSACHUSETTS 
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Sure way to dlarify industrial 


from this 


Glass graduate at left shows waste as it 
flows into settling tank at chemical plant. 
Mound of sludge filter cake in center rep- 
resents solids taken from liquid (right) 
before discharge into sewerage system. 


AE 


LINK-BELT Circuline Collector 
concentrates sludge fast 
in treating corrosive waste 


at Ohio chemical plant 


In Cincinnati, surcharges are levied on industrial 
wastes that exceed maximum legal strength when 
discharged to city sewers. At the St. Bernard, Ohio 
plant of Toms River-Cincinnati Chemical Cor- 
poration, Cincinnati Division, corrosive and abra- 
sive acid wastes make treatment prior to discharge 
to the city sewerage system the most economical 
disposal method. 

As in municipal water and sewage plants and 
industries throughout the country, Link-Belt had 
a hand in the solution. A Circuline Collector in 
the settling tank gathers settled sludge so gently 
that minimum agitation and maximum concentra- 
tion occurs. This results in high tank efficiency in 
removing solids and minimum costs to dewater 
the sludge. It is meaningful that in seeking maxi- 
mum efficiency and maximum sludge density, 
Link-Belt equipment was recommended by the 
consultants, R. L. Woolpert Co. of Dayton. 

In the same way, our engineers will help work 
out answers to your specific needs, collaborating 
with your engineers, consultants and chemists. 
Call the Link-Belt office nearest you. 


LINKi@;BELT 


supplied through a Link-Belt worm gear and roller chain drive. 


After sludge is concentrated in two 13,500-gal. tanks, it is 
dewatered on a coil-spring vacuum filter and carried from filter 
by Link-Belt 18-in. wide belt conveyor to be trucked to a dump. 


LINK-BELT COMPANY: Executive Geen, 307 N. Michigan Ave., Chicago 1. To Serve Industry There Are Link-Belt My Sales Offices in All Prin- 


cipal Cities. Export Office, New York 
ughout the World. 


(Toronto 13); Australia, Marrickville, N.S.W.; South Af 
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This 200,000-gal. settling tank is equipped with a Link-Belt a 
; Circuline Collector using Link-Belt Promal chain. Power is oe 
SANITARY ENGINEERING EQUIPMENT ey," 
13,972 


l6a SEWAGE AND INDUSTRIAL WASTES 


“Thanks to the flexibility of our equipment 


we are able to take advantage 
of changing conditions 


John D. McDonald, Engineer 
Springfield Sewage Disposal Plant 
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is the most flexible ever developed. 
It is available in designs that permit either 
flash drying sewage sludge to a marketable 
COMBUSTION ENGINEERING soil conditioner pies Oe incinerating it to 
sterile ash —in any proportion and under 
complete control. In either case, high 
Eastern Office: 200 ‘Madioen Avenues, Row York 16, N. Y. temperature deodorization of stack 
Western Office: 510 West Sixth Street, Los Angeles 14, Calif, may be included if you wish. For details 
Canada: Combustion Engineering-Superheater Ltd. call your nearest C-E Raymond office. ania 
ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 


ny The C-E Raymond Flash Drying System 
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View of Southwest Sewage Disposal Plant, of the Sanitary District of 
Chicago, Stickney, Illinois .. where Clow Cast Iron Pipe was furnished 
to meet exact requirements. 


Clow cast iron pipe, fittings, valves 
and specials for sewage plant 
replacements or new installations 


@ James B. Clow & Sons with their many years of experience 
as manufacturers of Cast Iron Pipe and Special Castings for 
Filtration and Sewage Disposal Plants know the difficult 
piping problems that continually face the sanitary engineer. 
Clow shops are completely equipped with the latest machin- 
ery. Clow’s skilled workmen will produce pipe and specials 
to your exact specifications. Pipe can be furnished flange and 
flange, Hange and bell, flange and plain end or with mechan- 
ical joint and plain end—in sizes 3 through 24 inches in laying 
lengths up to 18 feet. 


CLOW (Threaded) Cast Iron Pipe 
Clow also manufactures (threaded) Cast Iron Pipe in steel 
pipe sizes 3 through 10 inches which has the same outside 
diameter as common steel pipe. This pipe can be cut, threaded 
and fitted on the job with ordinary tools of the piping trade. 


JAMES B. CLOW & SONS Subsidlartes: 


Eddy Valve Co.,Waterford, N. Y. 
201-299 North Talman Avenue * Chicago 80, lilinois lowa Vaive Co., Oskaloosa, lowa 
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COMPLETE EQUIPMENT 
to do the complete job! 


PROVIDES CONSTANT OPTIMUM VELOCITY 
POSITIVE ADJUSTMENT FOR VARYING FLOWS 
HYDRO-DYNAMIC WASHING 
AUTOMATIC DRAINING AND REMOVAL 


FLOW CONTROLS-—exclusive HYDROWASH UNIT —washes 


Camp Channel Section and Regula- grit free of organic matter by produc- 
tor* maintain constant optimum ing a turbulent downflow recircula- 
velocity for effective grit settling, tion and agitation of liquor in grit 


regardless of rate of flow through hopper. Organics returned to hopper. 
plant. Velocity can be easily and 

instantly adjusted to meet changing ELEVATOR -— totally enclosed, tube 
conditions. Minimum head loss. type, for slow and continuous re- 

“Patented moval of washed grit from the hop- 

CONVEYOR — single strand, con- per. Grit drains as it is being elevated 
tinuous drag type. Flights carry the through the tube. 

settled grit from channel bottom to 

hopper for washing and removal. Write for Bulletin No. 249B 


Technical Supplement 
““CR’’, containing com- MERICAN ORKS 
plete design data on the 


CHANNEL and REGULA- 110 North Broadway Water Purification Equipment 
TOR, is available on request AURORA, ILLINOIS RESEARCH - ENGINEERING - MANUFACTURING 
with Bulletin 249B. Officer: Onicago Mew York + Clevelond + Cincinnati + Komos City + Sales Representotives the World 
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SEWAGE AND INDUSTRIAL WASTES 


Designers and engineers: Corey & Kramer, 
Seattle. Builder: A. G. Homann Co., Olympia 


Build Functional and Distinctive Sewage Treatment Plants 


with Architectural Concrete 


This Centralia, Wash. sewage treatment 
plant exemplifies how architectural con- 
crete combines modern functional qual- 
ities with distinctive appearance. 


Centralia has a combined sanitary and 
storm sewer system. In the rainy season, 
with sewage getting only primary treat- 
ment, the plant’s capacity is 44% m.g.d. 
As a complete treatment plant the rest 
of the year its capacity is 2 m.g.d. 


Architectural concrete is an ideal con- 
struction material for sewage treatment 
plants. its clean, neat appearance is a 
symbol of cleanliness and good munici- 
pal housekeeping. It makes the structure 


a long-lasting asset and a source of com- 
munity pride. In addition, it offers: 


1. UNUSUAL DURABILITY. It resists such 
destructive agents as severe weathering, 
fire, decay and sewage gases. 


2. GREAT STRENGTH. It can be designed 
economically to withstand all vertical 
and horizontal forces. 


3. REAL ECONOMY. Moderate first cost, 
low maintenance cost and long life result 
in true low-annual-cost service. 


Investigate architectural concrete’s 
advantages for sewage treatment plants. 
Ask for free literature, distributed only 
in U.S. and Canada. Address Dept. A6-76. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Avenue A national organization to improve and extend the uses of portland cement 
Chicago 10, Illinois and concrete . . . through scientific research and engineering field work 
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THE COILFILTER 


sanitary Engineers’ Notebook 


MEMO: 


The sludge to be dewatered on the COILFILTER is usually 
obtained from a sump OF storage tank. it must be lifted to 
the sludge conditioning tank by equipment which is reliable 
and trouble-free. This equipment must deliver sludge at a 
rate proportional to its speed, regardless of the level in the 
sump, and should have a variable speed drive and a revolution 
counter, so that it will be an accurate metering device. 


The Komline-Sanderson dual-valve sludge pump (patents 
pending) is the most reliable and least expensive equipment 
fulfilling these requirements, and is available in either dia- 
phragm or plunger types. This pump has two ball check 
valves in series on both suction and discharge sides. lf one 
valve is unseated due to foreign matter in the ball chamber, 
the other ball valve will still keep the pump operating prop- 
erly. The foreign matter is usually flushed through the 
pump, without interruption of operation. 


A number of these dual-valve sludge pumps have been in op- 
eration for several years and the freedom from clogging is 
almost beyond belief. 


Their development and application represent a fundamen- 
tal step forward in easy-to-operate sludge dewatering installa- 
tions. 


Sludge conditioning will be discussed in the next issue of 
Sanitary Engineers’ Notebook. 
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THE LINE 
THAT HELD 


At Waterbury, Conn., this Lock Joint 
Reinforced Concrete Cylinder Pipeline, 
undermined by flood waters, gave 
trouble-free service, alleviating a critical 
water shortage. 


Although sections of this 48” Lock Joint 
water supply line for Hartford, Conn. 
were uncovered by the flood, it con- 
tinued to give satisfactory service. 


The destiny of England once hung 
on Wellington’s “thin, red line” 
at the Battle of Waterloo. Daily 
your community’s safety from fire 
and epidemic depends, to a large 
degree, on its water supply and 
sewage lines. 


When the backwash of Hurricane 
Diane inundated western New Eng- 
land, the many Lock Joint installa- 
tions in the area stood firm. These 
lines, in some cases the main source 
of water supply or of sanitary 
sewage disposal, continued to give 
trouble-free service even when un- 
covered and undercut by raging 
flood waters. 


Such rugged pipe deserves your 
consideration. Its strength is 
evident, its initial high carrying 
capacity is permanent and its useful 
life is exception- 

ally long. 
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YAN 
Open Channel Meters 


for trouble-free low cest measurement of 


Sewage, Industrial Wastes, Sludge, Irrigation, Water Supply 
Bailey Meters offer these advantages — 


|. Easy to Install and Maintain 
2. Retain Accuracy 
3. Self Cleaning 
1. Adjustable Capacities 
5. Totalize Multiple Flows 
6. Chemical Feed Control 
7. Flow and Ratio Controls 
8. Low Cost 
For further information on how Bailey Meters 
can meet your needs, ask for Bulletin M22-5. 
MU25 


Bailey Meter Company 
1066 Ivanhoe Road Cleveland 10, Ohio 
"te Meters and Controls for Sewage and Water 


Venturi Tubes + Flumes + Weirs + Nozzles «+ Orifices + Direct Mechanical and 
Remotely Located Registers + Air-Operated, Electronic and Electric Controls 
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N } an Armco Sewer for Every Need 


All Armco Sewer Structures have the proved strength of corrugated metal 
design. Then it is simply a matter of selecting the type that will meet your 
exact needs most efficieritly and economically. 


Armco 
For peak flow requirements— | SMOOTH-FLO 
Sewer Pipe 


Armco SMOOTH-FLO Sewer Pipe combines top flow capacity, corrugated 
metal strength and watertightness. It has a spun bituminous lining that 
fills the corrugations. Available in bituminous-coated or ASBESTOS-BONDED 
to meet specific conditions. 


A Type for Every Condition 


Plain Galvanized Corrugated Metal Pipe—for normal sewer conditions. 
Armco Pavep-Invert Pipe—for severe erosive conditions. 


Bituminous-Coated Galvanized Pipe—extra protection for moderately se- 
vere corrosive conditions. 


Armco Asststos-Bonveo Pipe—for the most severe corrosion problems. 


For sizes, gages and other data applied to your specific sewer problems, 
write us. Armco Drainage & Metal Products, Inc., 3136 Curtis Street, 
Middletown, Ohio. Subsidiary of Armco Steel Corporation. 


Armco Sewer Structures 
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Plan with Quality... 


4-36" Pekrul model 
45A Sluice gates ot 
Sacramento Sewoge 

Treatment plant 


City managers...engineers... 
contractors...know that the precision 
engineering and quality construction of W 
Pekrul Gates means a planned water control project 
that Willefulfill its purpose. It costs no more to plan with 
quality...specify Pekrul project. 


PEKRUL GATE DIVISION 


MORSE 


MANUFACTURERS OF PEKRUL GATES FOR 


Flood Control Sewage Disposal Rearing Ponds Recreation Pools 
Levees Reservoirs Irrigation Cooling Towers Pumping Plants 
Water Works Oil Refineries Steel Mills Diams Fish Hatcheries _ 
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blending 


are designed for efficient mixing of coagulants 


with raw water ahead of flocculation basins. Turbine-type impellers, 
alternate blades pitched, produce correct horizontal and vertical 
mixing for proper blend, The vertical shaft hangs from a motorized 
speed reducer placed directly over chamber. It is provided with a 
steady bearing at the bottom, flanged coupling, and anti-frict’ 1 
thrust bearing. For Catalog 833-A, write to Sanitation Sales Division, 
The Jeffrey Manufacturing Company, Columbus 16, Ohio. 


Apron, Belt, Spiral Conveyors 
Bar and Disc Type Screens 
Biofiltration Plant Equipment 
Bucket Elevators 

Chains and Sprockets 

Dry Chemical Feeders 
FLOCTROLS 

Garbage Grinders 

Grit Collectors and Washers 
Power Transmission Machinery 
Rapid Mixers 

Screenings Grinders 

Scum Removers 

Sludge Collectors 

Sludge Elevators 

Traveling Water Screens 


JEFFREY DISTRICT OFFICES ¢ 

Birmingham 3, Ala., 2210 Third Ave. Houston 2, Tex., 903 City Nat. Bank Bidg. 
Boston 16, Mass., 38 Newbury St. Jacksonville 2, Fia., 507 Exchange Bldg. 
Buffalo 2, N.Y., 402 Jackson Bidg. Milwaukee 2, Wis., 735 N. Water St. 
Chicago 1, Ill., 307 N. Michigan Ave. New York 7, N.Y., 30 Church St. 
Cincinnati 2, O., 2905 Carew Tower Philadelphia 3, Pa., Suburban Station Bldg. 
Cleveland 15, O., 1560 Hanna Bidg. Pittsburgh 22, Pa., 1424 Oliver Bidg. 
Denver 2, Colo., 1726 Champa St. Raleigh, N.C., 116 S. Harrington St. 
Detroit 13, Mich., 5808 St. Jean Ave. Salt Lake City 1, Utah, 733 Judge Bidg. 
Duluth 2, Minn., 14 W. Superior St. St. Louis 1, Mo., 1961 Railway Ex. Bidg. 

San Francisco 2, Calif., 870 Market St. 


CONVEYING © PROCESSING © MINING EQUIPMENT 


TRANSMISSION MACHINERY e CONTRACT MANUFACTURING 
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In expanding its digesting operation, Green Bay, 
Wisconsin, once again chose PFT equipment for 
modern controlled digestion. In 1936, PFT had 
supplied the primary treatment plant with two 
Floating Covers for its 40’ digesters. 

Key feature of the newly expanded plant is 
the PFT Heater & Heat Exchanger (750,000 
B.t.u. per hr.). Located in the adjacent Control 
Chamber with all parts accessible, this compact 
unit heats sludge externally with no piping or 
equipment required inside the digesters. 
Temperature of the sludge is maintained at 
optimum range by recirculating raw sludge or 
digestion tank contents (or a mixture of both) 
through the unit. 


F'FT Spirally Guided Gas Holder in Green Bay's 85' 
digester Unit 


be held 


has a gas storage of 28,000 cu. ft.; can 


under operating pressure of 6" of water col. 


PORT 4ESTER, N. ¥. @© SAN MATEO, CALIF ° 
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Green Supt. of Sewage Treatment, checks new PFT Heater & Heat Exchanger 


Green Bay selects PFT Digester Heater 


CHARLOTTE, N.C. ® 


for operating economy, close control 


By heating sludge outside the digester, the 
unit eliminates many maintenance problems. Un- 
like the system in which coils are located in the 
digestion tank, the PFT Heater can be cleaned 
without interrupting the digester operation. All 
parts of the unit are readily accessible—return 
bends and sludge tubes are held in place by 
gasketed joints so that cleaning and adjustments 
require less time and effort. 

The PFT Heater provides operational economy 
by utilizing all sludge gas produced in the 
digester. Fired by gas or oil, the unit is switched 
to oil only when the gas supply is low, thereby 
cutting digester fuel costs substantially. 

Additional PFT equipment recently installed 
at Green Bay includes a Spirally Guided Gas 
Holder (see illustration) and a complete Gas 
Safety System for maximum protection against 
fires and explosions. 


Destin of Jerry Donohue 
Engineering Company 
plant by , 


Sheboygan, Wis. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 


JACKSONVILLE 


DENVE 
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Journal of the Federation of Sewage and Industrial Wastes Associations 
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Generol view of screen room at Hyperion with Type S 
Screens at left and Disintegrotors at right. 


Scrcenings Handli 


Los Angeles Hyperion... 


Closeup of Disintegrotors. Units were added to ex- 
isting screening " without pensive struc- 
tural alterations 


The modern combination of Dorrco Bar Screen Essentially a low-lift, axial flow pump, the Dis- 
Dorrco Sulzer Disintegrator is paying real divi integrator produces a mealy product which is re- 
dends at Los Angeles’ mammoth Hyperion Treat- turned to the plant flow without affecting subse- 
ment Plant. The initial Disintegrator was installed quent. treatment steps. A portion of Disintegrator 


late in 1953 to operate in “closed-circuit” with four discharge is used to flush screenings into the grinder. 
Type S Bar Screens. For approximately eighteen Wear results at Hyperion have been excellent and 
months this one unit ground all screenings from an periodic inspection and blade replacement have 
average flow of 249 MGD! A second unit has since held maintenance costs to a minimum. 

been installed to serve as standby. 


If you'd like more information on this modern answer to the screenings han- 
dling problem, write for a copy of Bulletin No. 6400. Dorr-Oliver Incorporated, 
Stamford, Connecticut. 
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Sewage Works 


FLOW PATH EFFECT ON SEDIMENTATION 


By E. B. Fircu 


Director of Research, Dorr-Oliver Inc., Westport, Conn. 


In 1904 Hazen (1) stated that the 
removal of silt from an ‘‘ideal’’ set- 
tling basin should be a function of the 
overflow rate and not the detention 
time. An ideal settling basin as de- 
fined by Camp (2) is one in which 
‘the direction of flow is horizontal 
and the velocity is the same in all 
parts of the settling zone.’’ No one 
has expected any practical basin to 
approach closely this ideal behavior. 
The intention was, as stated by Hazen, 
‘First conditions much simpler than 
those which actually exist must be 
assumed, and from these simple as- 
sumptions the more complex condi- 
tions can be approached.’’ 

The concept of an ideal sedimenta- 
tion basin is useful because, to the 
extent that the particles settle indi- 
vidually, each with a characteristic 
constant velocity, the sedimentation 
behavior of an ideal basin can be 
analyzed rigorously. The approach to 
the more complicated conditions actu- 
ally existing is made by deducing 
amendments to the simple theory to 
account for various deviations from 
the ideal conditions. These deduc- 
tions are necessary and instructive, 
but the hazard exists that the prem- 
from which the deductions are 
made may not be completely valid. 
It would be safe to rely on a theory 
deduced only to the extent that each 
deduction could be validated by ex- 
periment or experience. 

Some of the theoretically deduced 
conclusions published in the literature 
have proved controversial. <A notable 


ises 


example is the conclusion that ‘‘long 
narrow rectangular sedimentation 
tanks are vastly superior in perform- 
ance to radial flow sedimentation 
tanks.’’ This conclusion is based, to 
a large extent, on the fact that long 
narrow tanks have been found experi- 
mentally to be more stable against 
short-circuiting as measured by dye 
tests, and on the postulate that such 
short-circuiting would be harmful to 
sedimentation. 

In general, sanitary engineers have 
not yet accepted the long narrow rec- 
tangular sedimentation basin as an 
economically efficient design. At the 
same time the long narrow rectangular 
basin has been championed in the lit- 
erature (3)(4). In view of this, and 
other points in which experience and 
the published theory do not completely 
conform, it seemed advisable to re- 
examine the theoretical development 
for limiting conditions or lack of gen- 
erality. 

An ‘‘ideal’’ basin must be one that 
ean be analyzed rigorously. The more 
closely the ideal conditions approach 
reality, the fewer the amendments 
necessary to deduce practical behavior, 
and the fewer the chances to go astray. 
It is not difficult to analyze sedimenta- 
tion mathematically under conditions 
less idealized than postulated by Hazen 
and Camp. 


Analysis of “Ideal” Basin 


First, it is assumed that each par- 
ticle settles independently through and 
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with respect to the surrounding fluid, 
at a rate which remains constant. This 
assumption is known to be essentially 
valid for dilute suspensions in which 
flocculation or coagulation is not tak- 
ing place during the settling period 
itself. It is also assumed that after 
a particle has settled out of a ‘given 
flow, it will not be resuspended in it. 

Second, a idealized tank 
or basin is postulated, in which mix-- 
ing of flow paths is negligible. This 
is essentially equivalent to postulating 
streamline flow. The basin initially 
is assumed to be of any shape. The 
flow paths or streamlines may curve 
in any manner, and flow velocities are 
not assumed to be constant from point 
to point. 

A conventional approach to solving 
for the removals in a basin would be 
to set up height or depth as the verti- 
cal axis or ordinate of a spacial co- 
ordinate system, with length as the 
second axis, and width as the third 
axis. Particles which had settled to 
the bottom of the sedimentation basin, 
while the flow was traversing the 
length of the basin, would be consid- 
ered as removed. However, if curva- 
ture of the flow paths is to be consid- 
ered, the flow may have an upward 
component of velocity at some points, 
and a downward component at other 
points. Also the flow may curve lat- 
erally. It thus becomes a difficult task 
to calculate the trajectory of a settling 
particle. 

The entire difficulty is avoided in 
the following procedure by the expedi- 
ent of transforming to a new coordi- 
nate system, relating to the flow rather 
than the spacial dimensions of the 
sedimentation basin. The trajectory 
of a settling particle is then reckoned 
relative to the flow net, rather than 
to the basin walls. The vertical axis 
of the new coordinate system measures 
the quantity of flow which passes above 
any given point, regardless of how 
the flow lines may incline or vary. 
Particles which settle to the bottom of 
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HORIZONTAL VELOCITY 
COMPONENT 


ELEMENTS 


FIGURE 1.—Elements of a flow section 
showing plan and section and the velocity 
components. 


the flow net are considered removed. 


This is the usual assumption since the 
bottom of the flow net and the bottom 


of the 
incide. 

A vertical section of the flow net 
of infinitesimal width is considered to 
extend from inlet to outiet, and is 
bounded by the flow lines. (Figure 1) 
The width dw may vary from the inlet 
to the outlet end of the flow section, 
since the flow lines may be expanding 
or contracting laterally, as in a cireular 
sedimentation basin. The width is 
considered not to vary from the top 
to the bottom of the tank. This im- 
poses a certain further restriction on 
the postulated flow pattern, but not a 
serious one. It requires only that the 
flow lines shall not be expanding or 
contracting differently at one vertical 
level than at another. 

The flow through any infinitesimal 
cross section may be expressed as: 


sedimentation basin must ¢co- 


dq = V dw dy (1) 
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in which 


q = the flow through the section ; 

V = the horizontal component of 

velocity, assumed to vary 

from point to point; 

the width of the flow stream 

at the cross section ; 

dy = the vertical height of the 
filament of the flow passing 
through the cross section. 


dw 


| 


The horizontal distance that a settling 
particle would travel while settling 
across a filament of flow is derived as 
follows: 
dy/dt = v = the settling velocity 

of the particle with 
respect to the fluid. (2) 


Time is represented by t. 

Vat = dx (3) 
in which « = the horizontal component 
of distance along the flow line. Elimi- 


nating dt, between Eqs. 2 and 3 the 
equation becomes 


dy = de (4) 


From Eqs. 1 and 4 


dq = vdwdx (5) 
But 
dwdx = dA 


in which A = the projected or pool 
surface area across which the flow 
sweeps. Therefore, 


dg =vdA (6) 


Integrating Eq. 6 over all filaments 
of flow traversed by a particle, assum- 
ing that the particle has traversed no 
flow at the time it has swept through 
no area, A. 


(7) 


in which a = the projected or surface 
area of the section swept by the flow. 


Integrating : 
q = va (8) 
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Equation 8 shows that the flow of 
suspension down through and out of 
which a particle can settle is a function 
only of the settling rate of the particle, 
and of the projected area of the volume 
across which the considered section of 
flow sweeps, regardless of the direction, 
magnitude and variation with the depth 
of the flow itself. 


Removals in an “Ideal” Basin 


Hazen has shown that for his ideal 
basin, the fraction F of any particle 
class with settling velocity v, which 
will settle out of suspension and be 
removed, is a function of v and the 
‘‘overflow’’ rate v,. Thus: 

When v is greater than v,, obviously 
all particles settle. When v is less 
than v,, the fraction settling is, from 
Hazen, 


F = v/v, (9) 
in which by definition 
Vo = q,/a (10a) 


in which g, = the total flow through 
the section. 


This same relationship holds in the 
less idealized flow section treated in 
this paper. In any section, the flow 
which particles of a given settling rate 
v can traverse is 


q = va (8) 
and 

Vv. = q,/a (10a) 
or 

Ge = (10b) 


The fraction of the total section flow 
out of which particles of the given 
class will settle is obtained by divid- 
ing Eq. 8 by Eq. 10b. This is the frac- 
tion of these solids removed if they 
are initially uniformly distributed in 
the feed suspension. Thus 


q 


qs (11) 


Since this is true for every class of 
particles present, it follows that re- 
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moval in a section is a function only 
of the settling rates of the particles, 
and of the overflow rate. 


Overflow Rate and Vertical Flow 
Components 


The overflow rate has been defined 
as the flow through a section, divided 
by the horizontal projected area across 
which it sweeps (Eq. 10a). Flow di- 
vided by area gives a value that has the 
dimensions of velocity. The total flow 
through the section divided by the 
area is numerically equal to what the 
average vertical component of flow ve- 
locity would be if it were assumed 
that the flow was rising through the 
sedimentation basin. This numerical 
equality sometimes leads to the belief 
that settling particles are, in actual 
fact, required to move against an op- 
posing upward flow of fluid in order 
to settle out. Particles having a 
tling rate less than the vertical com- 
ponent of fluid flow must have a re- 
sultant upward movement, which 
might be expected to carry them in- 
evitably into the overflow. This is not 
the case. 

If the flow lines were truly vertical 
(Figure 2A), it is clear that a settling 
particle would not cross or traverse 
any of the stream. It must either 
settle down the streamline to its 
source, or be swept with the stream- 
line to its destination. This would 
depend on whether the particle settles 
with respect to the fluid more or less 
rapidly than the fluid is moving with 
respect to the surroundings. How- 
ever, if the flow lines are truly vertical, 
the flow is sweeping across no area at 


set- 


all, and by definition @ equals zero. 
Equation 8 then predicts that the par- 
ticle would traverse zero flow, q. 

On the other hand, if the flow lines 
have any inclination or horizontal ve- 
locity component V at all, then 
settling least 
component of motion across the flow, 
as shown in Figure 2B. Even though 


any 


particle has at some 
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A VERTICAL FLOW LINES 


FLUID VELOCITY 


NT PARTICLE MOTION 
(NO NET MOTION ACROSS 
FLOW) 


INCLINED FLOW LINES 
Ay/NET MOTION ACROSS FLOW 


ANT PARTICLE MOTION 


FIGURE 2.—Velocity components of a 
settling particle 


the particles settle exceedingly slowly 
and the vertical component of fluid 
velocity is exceptionally large, the par- 
ticles must be moving from the upper 
to the lower strata of the flow. Hence, 


some particles must be accumulating 
on the lower boundary of the stream 


at the bottom of the sedimentation 
basin. Equation 11 shows that the 
number of particles settling out is in- 
dependent of the vertical velocity com- 
ponents, provided the original assump- 
tions are valid, and there is no scour 
of the deposited solids. 


Effect of Density Currents 


It is to be noted particularly that 
the removals made from suspensions 
having the specified particle dynamics 
would not be affected by: (a) so-called 
‘‘density currents,’’ which are varia- 
tions of velocity (V) with depth; (b) 
the vertical expansion of the flow lines 
which sometimes takes place at the 
influent of a basin; and (c) the verti- 
eal contraction and updraft of the flow 
pattern which necessarily takes place 
at an effluent overflow weir. An ex- 
ception to this occurs when variations 
in flow pattern may have secondary 
effects such as producing turbulence, 
vertical mixing, and hence departure 
from the assumed conditions. This 
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would be contrary to the findings of 
Ingersoll et al. (4) relating to the 
effect of the updraft at an effluent 
weir, unless their flow net caleulations 
took into account such secondary ef- 
fects. 

While depth in itself would not af- 
fect separation according to the theo- 
retical treatment presented above, too 
small a depth would lead to significant 
departures from the assumed flow con- 
ditions. Other things being equal, 
shallow depths lead to high flow ve- 
locities. Flow velocities must be kept 
sufficiently low to avoid scour of the 
deposited solids, and to avoid exces- 
sive turbulence and vertical mixing of 
flow paths. 

The total flow handled by a sedi- 
mentation basin is the summation of 
the flows carried by all sections in 
parallel. However, if each section is 
to produce identical removals of par- 
ticles, the overflow rate v, or ratio of 
q to a must be the same for all. This 
condition will be fulfilled if: (a) V 
does not vary with w, the lateral dis- 
tance measured perpendicular to the 
flow lines; and (b) the horizontal com- 
ponent x of the distance from inlet 
to outlet is the same measured along 
all flow lines. These conditions in turn 
will be met by most conventional types 
of sedimentation basins, circular or 
cross-fed rectangular, provided the in- 
fluent is uniformly distributed later- 
ally, and the effluent is withdrawn uni- 
formly over the entire length of the 
effluent weir. 


Effect of Streaming 


The effect of ‘‘streaming,’’ or short- 
circuiting currents resulting from non- 
uniform lateral distribution of flows, 
is dependent upon the distribution of 
the particle-settling velocities in the 
feed suspension. As a result of stream- 
ing, one section of flow is subjected to 
a different overflow rate than another. 
First, all particles having a settling 
rate in excess of the maximum over- 
flow rate exhibited by any flow sec- 
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tion in the tank will be collected, and, 
therefore, will not be affected by the 
short-circuiting. 

Second, all particles having a set- 
tling rate less than the minimum over- 
flow rate exhibited by any flow section 
will be collected at a rate which also 
is not affected by the streaming. This 
fact is seen to be reasonable if an 
ideal horizontal flow basin such as 
postulated by Hazen and Camp is con- 
sidered. Until a certain size class of 
particles is depleted, the particles in 
this size class will continue to settle 
on the bottom of the sedimentation 
basin at a mass rate that is dependent 
on the particle concentration just 
above the bottom, and on the settling 
rate of the particles. Until the par- 
ticles in the particular size class are 
depleted, the particle concentration 
just above the bottom remains equal 
to the initial concentration, since par- 
ticles are settling into the lowest layer 
of the suspension from above as fast 
as they are settling out of it. Hori- 
zontal movement or flow of the suspen- 
sion does not alter this settling action. 
Therefore, all particle classes which 
settle slowly enough so that they are 
not depleted from any of the sections 
of flow collect on the basin bottom at 
a rate which would be independent of 
horizontal flow and hence of stream- 
ing. 

A more general mathematical proof 
of this proposition follows. The mass 
flow of a particle class with a settling 
rate v is 


M, = Coa, (12) 


in which M, = mass of particle class 
fed through section per unit of time; 
C, = concentration of particle class in 
feed. 

The mass rate S, at which this par- 
ticle class settles out is 


S, = FM, (13a) 


Substituting from Eq. 11 


(13b) 
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then from Eq. 10a 


S 


C ,av (13e) 

Thus the mass rate at which par- 
ticles of any size class, having a set- 
tling rate lower than the overflow 
rate, settle out of the suspension is 
dependent on (a) the concentration 
of the particle class in the feed; (b) 
the area through which the flow 
sweeps; and (c) the settling rate of 
the particles. It is independent of the 
section overflow rate provided the par- 
ticle settling rate is lower than the 
overflow rate. Therefore, the removal 
rate in a sedimentation basin for par- 
ticles having settling rates lower than 
the minimum overflow rate for any 
section is not affected by streaming. 
If the feed rate to the basin remains 
constant, and hence the average over- 
flow rate of all sections, then the 
over-all per cent removal of these par- 
ticles also remains constant. 

Thus the removal of coarse particles, 
and of fine ones, is not affected by 
short-circuiting, provided always that 
the particles have a settling behavior 
as postulated. The effect of streaming 
on intermediate particles may be 
visualized as shown in the following 
development. 


Particle Settling 

It has been established that the re- 
moval from a section of flow of any 
class of particle would be unaffected 
by the geometry of the section; pro- 


ELEMENT MARKED 
AT 


INFLUENT 


Oe 0.20 O 


~~ 


SEWAGE AND INDUSTRIAL WASTES 


January, 1956 


vided the overflow rate remains the 
same. Therefore, the particle removal 
from an ideal sedimentation basin as 
postulated by Hazen and Camp would 
be identical to that obtained in any 
flow section having the same overflow 
rate. Accordingly, an analysis of re- 
movals in Camp’s ideal sedimentation 
basin would be valid for the less ideal- 
ized basin of this paper. 

In Camp’s ideal sedimentation basin 
the direction of flow is horizontal and 
the velocity is the same in all parts 
of the settling zone. If a vertical 
cylinder of feed suspension, extending 
from the top to the bottom of the 
basin, were marked at the influent end, 
it would maintain its shape and iden- 
tity as it traversed the basin (Figure 
3). This is the same as though a 
batch settling operation was moved 
sideways. What happened within this 
cylindrical element would be indis- 
tinguishable from what would happen 
if settling took place batchwise, except 
that the settled particles would be 
strewn along the floor of the basin as 
the element moved along, instead of 
accumulating in a pile. A relation- 
ship between the removal of solids and 
their settling velocity distribution in 
batch settling has been presented by 
Oden (5). Appropriately translated, 
Oden’s analysis would be valid for 
Camp’s ideal sedimentation basin, and 
hence for any flow section as previ- 
ously defined. 

Figure 4 shows the weight of solids 
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FIGURE 3.—Relationship between continuous and batch settling. 
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FIGURE 4.—Oden settling curve. 


w settling out of a cylinder of suspen- 
sion of height A and accumulating on 
the bottom, as a function of time ft. 
At any point a on the curve, particles 
having a settling velocity of h/t, will 
just be depleted. All of the faster 
settling particles will have settled out 
already. Slower settling particles will 
be settling out at a rate equal to the 
slope of the curve at point a, or 
(dw/dt),. They had been settling 
out at this same rate since the start 
of the operation, because originally 
they were uniformly dispersed in the 
suspension, and each particle settled 
with a constant velocity. The curve 
will have a decreasing slope with in- 
creasing time as a result of successive 
depletion of particle size classes with 
ever decreasing settling velocities. 
The weight of particles having a set- 
tling velocity lower than h/t, will be 
equal to the weight of the particles 
which have settled out up to time ¢,, 
plus the weight of solids remaining in 
suspension after time t,. Mathemati- 
eally, the weight of the slower settling 
particles that have settled out up to 
time ¢, is equal to (dw/dt), ta. There- 
fore, the weight of the particles origi- 
nally present, having settling ve- 
locities less than h/t, is (dw/dt), t, 
+ (w. —w,). The term w, is the 
weight of the particles which would 
settle out after an infinite time, or the 
weight of the particles originally pres- 
ent. The weight of the particles hav- 
ing a particle-settling velocity in ex- 
cess of h/t,, therefore, will be equal 
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ta — (We — Wa) (14a) 


dt 


Equation 14b is recognizable as the 
value of w at the intercept of the 
tangent drawn to the curve at a, with 
the vertical axis w. This is Oden’s 
method for determining the settling 
velocity distribution (and with the 
aid of Stokes’ Law the size distribu- 
tion), from a plot of the weight of the 
particles settling out versus time. 

If the vertical scale of Figure 4 
was divided by w,, and the horizontal 
scale by h, the shape of the curve 
would not be changed, but only the 
modules of the axis scales. Oden’s 
tangent construction would still be 
valid. However, the vertical scale 
would then measure fractional re- 
moval, and this could be indicated as 
a per cent fraction. The horizontal 
scale t/h becomes equal to l/v, for the 
ideal sedimentation basin. Figure 5 
shows the scales modified accordingly. 
The tangent intercept at b indicates 
the per cent of the solids originally 
present which had a settling velocity 
in excess of the value of v, at the 
tangent point a. 


t (14b) 


Hypothetical Case 


The effect of streaming can be 
visualized by assuming that one-half the 
flow to a sedimentation basin streams 
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FIGURE 5.—Overfiow rate. 
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in a manner that subjects it to greater 
than the average overflow rate for the 
basin (Figure 6). Assume that point 
a on Figure 5 corresponds to the aver- 
age overflow rate for the basin. Then 
point ¢ corresponds to the overflow 
rate of the short-circuiting stream, 
and R, is the removal to be expected 
from the half of the flow thus stream- 
ing. Observing that the abscissa of 
Figure 5 is l/v, or a/q, it is apparent 
that its value is proportional to the 
area a, if the values of q are equal. 
Thus what the streaming half loses, 
the other half gains. Therefore, point 
d, corresponding to the overflow rate 
of the residual half of the flow, is as 
far to the right of point a as point c 
is to the left. The average removal 
for the two half sections of the flow 
would then be represented by point e, 
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FIGURE 6.—Hypothetical streaming basin. 
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the intersection of a straight line be- 
tween points c and d, with a vertical 
line at t,. The loss in recovery is rep- 
resented by the distance e to a. The 
same recovery could have been ob- 
tained in a sedimentation basin without 
streaming and an overflow rate corre- 
sponding to point f. Since the total 
flow to be handled remains constant, 
the area required in the non-streaming 
basin would be,X,/X, or X,/X; times 
the area requirdd in the one streaming 
as assumed. Thus the areal efficiency 
E of the streaming basin ean be desig- 
nated as X;/Xq. 


Radial Flow vs. Long, Rectangular 
Tanks 


Streaming, or the lack of lateral dis- 
tribution of the flow, is not difficult 
to avoid with properly designed influ- 
ent and effluent weir structures. The 
drag on the side walls or longitudinal 
baffles might be expected to minimize 
severe streaming resulting from 
grossly improper introduction of the 
feed. However, the drag on such 
members also could be expected to 
create an uneven lateral distribution 
of flow as shown by Camp (2). Hub- 
bell (6) remarks on the relative ease 
of getting good lateral distribution in 
a siphon-fed radial basin. 

It is clear that dye tests, which do 
not distinguish between density cur- 
rent. short-cireuiting and streaming, 
cannot be a valid general criterion of 
the behavior of a sedimentation basin. 
This has been pointed out by Eliassen 
(7). Therefore, the fact that a long 
narrow rectangular sedimentation ba- 
sin shows less longitudinal dispersion 
of dye than conventional basins can- 
not, as tacitly assumed by Camp, be 
taken as a theoretical indication of 
their superiority for sedimentation. 
Theoretically, the long sedimentation 
basins may even be inferior, in that 
they minimize harmless density cur- 
rent short-circuiting at the expense of 
introducing harmful streaming as a re- 
sult of side-wall drag. 
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The second criterion advanced for 
the superiority of long narrow sedi- 
mentation basins is that (in short flow 
line units) ‘‘the size of the effective 
settling zone is reduced because the 
inlet and outlet zones oceupy too great 
a part of the total path of flow.’’ (3) 
It is assumed these inlet and outlet 
zones each have a flow path length 
equal to the depth of the sedimentation 
basin, and that negligible settling takes 
place in these zones. Theoretically, ex- 
cept for turbulence effects the distor- 
tion of the flow net at the inlet and 
outlet ends of a sedimentation basin 
has been shown in this paper not to 
affect the sedimentation of particles 
having the settling dynamics postu- 
lated by Hazen and Camp. 

Since both of the principal theoreti- 
eal criteria relied on are of question- 
able validity, the conclusion (3) ‘‘that 
long, narrow, rectangular tanks are 
vastly superior in performance to 
radial flow tanks’’ is seen to lack gen- 
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eral theoretical validation. It cannot 
be accepted as a general conclusion. 
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BAVARIAN BIOLOGICAL INSTITUTE, MUNICH, GERMANY 


An introductory course on the spe- 
cial problems of biology and sewage 
and stream sanitation will be pre- 
sented March 5-9, 1956, at the Ba- 
varian Biological Institute, Munich, 
Germany. The studies are under the 
direction of Dr. R. Demoll and Dr. H. 
Liebmann. An advance course on the 
biological and chemical problems re- 
lated to the utilization of fluid and 


solid wastes will be given at the Insti- 
tute on October 8-12, 1956. 
Reservations must be received by 
February 25 for the spring course, and 
by September 22 for the fall term. 
Fees are 45,-DM ($10) and 50,-DM 
($11), respectively. Information may 
be obtained from Dr. H. Liebmann, 
Bayerische Biologische Versuchsan- 
stalt, Munchen 22, Veterinirstrasse 13. 
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SYNTHETIC DETERGENTS AND THE B.O.D. TEST * 


By D. 


SHEETS AND GeorGE W. MALANEY 


Engineering Experiment Station and Department of Bacteriology, Respectively, 
The Ohio State University, Columbus, Ohio 


The increasing use of synthetic de- 
tergents in industry and in the home 
has created many new problems for the 
sewage treatment plant operator. Nu 
merous investigations have been car- 
ried out to determine the influence of 
these materials upon various steps in 
the sewage treatment process. The 
test procedure commonly involves the 
addition of a detergent to the influent 
of the particular treatment process, 
followed by a determination of the 
efficiency of B.O.D. removal in the 
presence of the detergent. This pro- 
cedure introduces a second variable, 
a fact which has usually been over- 
looked or not considered significant by 
the investigators. The new variable 
develops in the following way. It is 
known that the detergent is seldom 
removed entirely in any sewage treat- 
ment process; therefore, the effluent 
will contain a certain proportion of 
the original dosage of detergent. The 
second variable, then, is the effect of 
this detergent residual on the B.O.D. 
of the effluent. 

This paper is a report of studies 
on the influence of selected synthetic 
detergents, surface-active agents and 
detergent builders on the standard di- 
lution B.O.D. test. Only a few scat- 
tered references to the effect of syndets 
on the B.O.D. were available in the 
literature until Bogan and Sawyer 
(1) published their paper on the bio- 
logical degradation of synthetic de- 
tergents. A general survey of the 
characteristics and effects of synthetic 
detergents was presented in the report 
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(2) of the Task Group on Synthetic 
Detergents in Water Supplies of the 
American Water Works Association. 


Materials and Methods 


Since domestic sewage contains un- 
known quantities of various deter- 
gents, it was necessary to employ a 
synthetic sewage. Difco Lactose 
Broth was used as the synthetic sew- 
age in this study. The stock medium 
was prepared and sterilized according 
to the manufacturer’s directions. A 
working solution of this medium was 
prepared fresh each day by diluting 
5 ml. of the sterile stock to 125 ml. 
with distilled water. This working so- 
lution had a 5-day B.O.D. of approxi- 
mately 350 p.p.m. 

The synthetic sewage was seeded 
with settled sewage obtained from the 
Waste Treatment Laboratory at the 
Ohio State University. One milliliter 
of seed (settled sewage) was added 
to each 100 ml. of the working solu- 
tion. 


Detergents Studied 


Various syndets and surface active 
materials, ranging from commercial 
products to pure surface-active agents, 
were investigated. In addition, sev- 
eral of the common detergent builders 
also were checked for effect on the 
B.0.D. test. The following list of the 
materials examined includes a brief de- 
scription of the chemical composition 
of each surfactant as obtained from 
the ‘‘Enecyelopedia of Surface-Active 
Agents’’ (3). The content of active 
agent is given when this value is 
known. In the case of the household 
detergents this content is understood 
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to be in the range of 30 to 35 per 
cent. 


Anionie type 


1. Sodium laury! sulfate, C.P. 
2. Igepon T, 33 per cent active 
agent. 

Composition—sodium oleyl meth- 
yl tauride. 

3. Cyclopon A 

Composition—sulfonated 
of amino alcohol. 

. Santomerse No. 1 

Composition—sodium dodecyl 
benzene sulfonate. 

5. Nekal BX, 68 per cent active 
agent. 

Composition—mixture of sodium 
dibutyl naphthalene sulfonate 
and sodium diisopropyl naph- 
thalene sulfonate. 


amide 


Cationic type 
1. Cetyl trimethyl ammonium bro- 
mide (CTAB), C. P. 
2. Cetyl pyridinium chloride (CPC), 
cz, 


Nonionie type 
1. Igepal CA Extra High Concen- 
tration, 100 per cent active 
agent. 
Composition—condensation prod- 
uct of a dodecyl phenol with 12 
molecules of ethylene oxide. 
2. Tween 80, 100 per cent active 
agent. 
Composition—condensation prod- 
uct of sorbitan monooleate and 
ethylene oxide. 


Detergent builders 


1. Sodium sulfate, C.P. 
2. Tetrasodium pyrophosphate, C.P. 


Commercial household detergents 


. Tide, anionic type. 
. Surf, anionic type. 
3. Fab, anionic type. 
. All, nonionie type. 
5. Thermo-San, detergent-sanitizer 
containing 10 per cent alkyl di- 
methyl benzyl ammonium chlo- 
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ride (cationic) and 18 per cent 
alkyl aryl polyether alcohol 
nonionic). 


Laboratory Technique 


Standard solutions were prepared 
on the basis of detergent weight rather 
than on the weight of content of sur- 
face-active agent. These solutions 
were kept in the refrigerator to in- 
hibit growth of microorganisms, which 
oceurs readily at room temperature 
in the case of certain detergents such 
as Tween 80 and Igepon T. 

The technique for the standard di- 
lution B.O.D. test (4) was used in this 
study. The dilutions were prepared 
in a specially-designed graduated glass 
cylinder equipped with a convenient 
draining tube. Exactly 10 ml. of 
seeded working solution of the syn- 
thetic sewage was added to a small 
volume of dilution water in the gradu- 
ated cylinder, followed by the desired 
volume of detergent solution. The vol- 
ume was then made up to 1000 ml. and, 
after thorough mixing, two water-seal 
D.O. bottles were filled. One bottle 
was used for the initial D.O. determi- 
nation, while the second bottle was 
incubated at 20° C. for five days. An 
initial D.O. determination was made 
on each dilution in order to avoid 
errors resulting from oxygen entrained 
during the mixing and also to detect 
any iodine demand of the detergent. 
Controls were set up in the same way, 
but without the addition of detergent. 

The following concentrations of the 
test materials were studied: 0.1, 0.2, 
0.4, 0.5, 0.6, 0.8, 1.0, 1.5, 2, 4, 6, 8, 10, 
12, 14, 16, 18, 20, 50, 80, and 100 
p.p.m. It must be pointed out that 
these concentrations represent the con- 
tent of detergent after the synthetic 
sewage was diluted sufficiently to ob- 
tain 30 to 70 per cent oxygen deple- 
tion in five days. 


Experimental Results 


The cationic detergents showed a 
definite iodine demand, as indicated 
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TABLE I.—lIodine Demand of Cetyl Trimethyl 
Ammonium Chloride 


Determination (p.p.m. 
Conc. of 
CTAB 
(p.p.m.) Initial Iodine 
D.O. Demand 
0 6.70 — 
10 5.80 0.90 
20 5.20 1.50 
50 3.00 3.70 
80 2.80 3.90 
100 2.20 4.50 
TABLE II.—Iodine Demand of Cetyl 
Pyridinium Chloride 
Determination (p.p.m 
Conc. of 
CPC 
(p.p.m.) | lodine 
Demand 
0 6.50 
10 5.00 0.50 
20 6.00 | 0.50 
50 4.20 2.30 
80 2.20 1.30 
100 2.00 $.50 


by a low initial dissolved oxygen com- 
pared with the dissolved oxygen of the 


control. Tables I and II show that 
both CTAB and CPC exhibit an 
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iodine demand which 
edly with inereasing syndet concen- 
tration. There was no appreciable 
iodine demand at concentrations below 
10 p.p.m. None of the other test 
materials showed any evidence of 
iodine demand in the concentration 
range studied. 

Certain of the detergents interfered 
with the conventional Winkler D.O. 
test, specifically, in the titration with 
sodium thiosulfate. When Santo- 
Tide, Fab, Tween 80 and 
CTAB were present in concentrations 
greater than 10 p.p.m., it proved very 
difficult to remove the last trace of the 
blue of the starch-iodine com- 
plex ; consequently, the danger of over- 
titration was introduced. 
of Igepal and 
tion of the D.O. 


increases mark- 


merse, 


eolor 


In the pres- 
80, addi- 
reagents resulted 
the formation of a brick-red 
precipitate. This phenomenon has 
been reported previously in the ease 
of Igepal by Gloyna (5). The precipi- 
tate disappeared during titration and 
did not interfere with the endpoint; 
however, it was necessary to hit the 
quickly since there was a 
of the blue 


ence Tween 
in 
heavy, 


endpoint 


rapid return indicator 
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FIGURE 1.—Oxygen depletion resulting from the addition of syndets to a seeded 


synthetic sewage. 
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FIGURE 2.—Per cent oxygen depletion due to syndets compared with depletion of control. 


color. Failure to complete the titra- 
tion promptly, led to over-titration. 


Oxygen Depletion 


The influence of the test materials 
on the B.O.D. of the seeded synthetic 
sewage is shown graphically in Fig- 
ures 1 and 2. Each curve represents 
the average of two to four individual 
runs. In Figure 1 the data are plotted 
as an inerease (positive values) or 
decrease (negative values) in oxygen 
depletion resulting from added incre- 
ments of detergent. These curves rep- 
resent absolute values (the B.O.D. of 
the detergent). The values for the 
detergent builders are not included 
in this graph. Since, in most cases, 
the change in oxygen depletion is a 
straight-line function of the concen- 
tration of the detergent, the rate of 
change is uniform and may be ealcu- 
lated from the slope of the curve. 


Ay 
Az 


_ Change in oxygen depletion (p.p.m.) 
~ Detergent concentration (p.p.m.) 


These values are listed in Table ITT. 
The B.O.D. is obtained from the rate 
of change by multiplying by a factor 
of 1,000,000. The curves for CTAB 
and CPC show a changing slope. The 


first part of each curve, however, ap- 
pears to be linear and the values re- 
corded are obtained from that portion 
of the curve between 0 and 2 p.p.m. 
The practical significance of the re- 
sults is more apparent in Figure 2 in 
which the data are plotted as increased 
or decreased oxygen depletion based 
on the depletion of the control as 100 
per cent. Considering 100 per cent de- 
pletion of the control as the base line, 
a curve with a positive slope repre- 
sents an increase in oxygen depletion 
or an increase in the apparent B.O.D. 
of the sewage. Conversely, a curve 
with a negative slope indicates a de- 


TABLE III.—Rate of Change in Oxygen 
Depletion and B.O.D. of Synthetic 
Detergents 


B.O.D. 
(p.p.m.) 


1,380,000 
360,000 
230,000 
20,000 
10,000 
120,000 
100,000 
10,000 
360,000 


Detergent 


Sodium laury! sulfate 
Igepon T 
Cyclopon A 
Santomerse No. 1 
Nekal BX 

Tide 

Surf 

Fab 

Tween 80 

All 

Igepal CA 
CTAB 

CPC 
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crease in the B.O.D. In view of the 
uniform rate of change in oxygen de- 
pletion noted in Figure 1, it is evident 
that these curves represent relative 
values, since oxygen depletion in per 
cent of control, resulting from a given 
increment of detergent, is dependent 
on the B.O.D. of the control. 

tach of the detergent materials 
tested, with one exception, showed a 
definite effect upon the value of the 
B.O.D. test. The single exception was 
the inorganic detergent builder, so- 
dium sulfate, which was inactive in 
the concentrations examined. The 
group producing an increase in the 
B.O.D. was composed principally of 
the anionic detergents, although in- 
cluded were the nonionic syndets, 
Tween 80 and All. The relative effects 
of these substances in influencing the 
B.0O.D. formed a broad spectrum with 
sodium lauryl sulfate the most active 
and Nekal the least active. 


Cationic Detergents 


The cationic detergents had a 
marked inhibitory effect on the B.O.D. 
of the synthetic sewage. The non- 
ionic syndet, Igepal, and the detergent 
builder, tetrasodium pyrophosphate, 
were also somewhat inhibitory in the 
higher concentrations. 

It is frequently stated that the in- 
hibitory effects of cationic detergents 
are completely neutralized by the pres- 
ence of anionic syndets. Experiments 
were carried out to determine whether 
such neutralization occurred in the 
B.0.D. test. Results of these experi- 
ments are presented graphically in 
Figure 3. The point at which the 
eurves for the anionic-cationic combi- 
nations intersect the base line (100 
per cent) represents complete neu- 
tralization of the inhibitory effect of 
the cationic detergents. The data in- 
dicate complete neutralization of the 
inhibitory activity of 3 p.p.m. CTAB 
or CPC by sodium lauryl sulfate in a 
concentration between 1 and 3 p.p.m. 
It is also apparent from the graph 
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FIGURE 3.—Neutralization of the inhibi- 
tory effects of cationic detergents by the 
presence of anionic detergents. 


that the stimulatory activity of sodium 
lauryl sulfate was partially neutral- 
ized by the cationic syndets. Nekal 
had an effect similar to that of sodium 
lauryl sulfate, although larger con- 
centrations of this detergent were re- 
quired to reverse the inhibition. The 
activity of Thermo-San suggests that 
the nonionic syndets do not exert a 
neutralizing effect on the cationic de- 
tergents. 
Discussion 


It is evident that individual syn- 
thetic detergents show characteristic 
effects on the B.O.D. test. These effects 
may assume considerable significance 
under certain circumstances. The fact 
that cationic detergents have an iodine 
demand could introduce a_ serious 
source of error in the B.O.D. determi- 
nations of those laboratories which do 
not routinely run an initial D.O. de- 
termination. Failure to do this would 
lead to high B.O.D. values. Unfortu- 
nately these studies do not show 
whether or not the iodine demand of 
the cationic types is neutralized by an 
excess of anionic detergent. Inter- 
ference with the titration endpoint, 
while not a serious problem, could 
conceivably cause the technician some 
difficulty and might introduce a small 
error in the B.O.D. determinations. 

The data emphasize the fact that the 
presence of extremely small concen- 
trations of detergents may have a 
considerable effect on the B.O.D. of 
the sewage. This was particulariy 
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true for the cationic detergents and 
sodium lauryl sulfate. For example, 
approximately 2 p.p.m. of the latter 
was sufficient to double the B.O.D. of 
the sewage. The commercial products, 
Igepon, Cyclopon, Tide and Tween 80, 
were also quite active in relatively 
low concentrations, producing sizeable 
increases in the B.O.D. For this group 
of substances, their presence in concen- 
trations of 10 to 15 p.p.m. increased 
the B.O.D. to 200 per cent of the con- 
trol. Although less active, the other 
test materials, with the exception of 
sodium sulfate, altered the B.O.D. of 
the sewage to some degree. It must be 
emphasized that these concentrations 
represent the detergent content after 
the sewage has been diluted suffi- 
ciently to obtain a 30 to 70 per cent 
D.O. depletion. Thus, 2 p.p.m. of 
detergent in a one per cent sewage 
dilution would mean ari initial con- 
centration of 200 p.p.m., whereas 2 
p.p.m. of detergent in a ten per cent 
dilution of sewage would represent an 
initial concentration of 20 p.p.m. in 
the undiluted sewage. 


Effect of Chemical Composition 


It is interesting to attempt to cor- 
relate the observed effects with the 
chemical composition of the active 
agent of the anionie detergent, al- 
though no general eonelusion can be 
reached on the basis of this limited 
number of compounds. In addition, 
the concentration of surfactant in the 
detergent is a variable factor. _How- 
ever, taking into consideration the in- 
formation available, it is possible to 
arrange the detergents in an activity 
spectrum as foliows: 


Sodium lauryl sulfate > Igepon > 
Cyclopon > Santomerse > Nekal, 
where sodium lauryl sulfate is most 
active in inereasing the apparent 
B.0.D. of the sewage and Nekal the 
least active, with the other detergents 
intermediate in activity. Sodium 
lauryl sulfate is a straight chain com- 
pound, as are the surfactants in 
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Igepon and Cyclopon. In Santomerse 
and Nekal the active agents are cyclic 
compounds. These findings confirm the 
conclusions of Bogan and Sawyer that 
the sewage organisms metabolize long 
chain surfactants more readily than 
the ring structures. Nekal, a naphtha- 
lene compound, is apparently less sus- 
ceptible to the metabolic activities of 
the microorganisms than is the ben- 
zene derivative, Santomerse. It is pos- 
sible that the organisms are able to 
attack only the alkyl substituents of 
these ring compounds. The different 
activities of the two compounds could 
arise from the relative lengths of the 
alkyl chains, short in the case of Nekal 
(isopropyl and isobutyl) and long in 
the case of Santomerse (dodecyl). 


Inhibitory Effects 


As anticipated, the presence of cati- 
onie detergents produced a diminished 
uptake of oxygen in the B.O.D. test. 
These agents were active in very low 
concentrations. Both CTAB and CPC 
in concentrations of 2 p.p.m. were able . 
to reduce the B.O.D. of the sewage by 
50 per cent. At concentrations of 10 
p.p.m. the sewage showed essentially 
no oxygen depletion. Since it has been 
well established that cationic deter- 
gents are active bactericidal and bac- 
teriostatic agents, a reduction in ap- 
parent B.O.D. as a result of their 
inhibitory action on the sewage organ- 
isms was to be expected. 

As demonstrated by this and other 
studies, the inhibitory effects of the 
eationie detergents are neutralized by 
the anionic syndets. Since the anionic 
syndets predominate in domestic sew- 
age at the present time, it is not likely 
that the cationic agents, which are 
used principally as sanitizers rather 
than cleansers, will create an immediate 
problem in sewage treatment. How- 
ever, under certain circumstances their 
activity might be important—for ex- 
ample, if the nonionic detergents re- 
place the anionic types in consumer 
preference. Another specialized case 
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would be that of a milk processing 
plant which maintained its own waste 
treatment system and which used large 
quantities of cationic detergents for 
sanitizing purposes. In both cases the 
usual excess of neutralizing anions 
would be absent and the cationic syn- 
dets would be free to exert their nor- 
mal effects. The result would be low 
B.O.D. values and an over optimistic 
evaluation of waste treatment effi- 
ciency. 

Apparently the nonionic detergents 
may stimulate or inhibit the growth 
of the microorganisms in the B.O.D. 
test, depending on the chemical formu- 
lation of the surfactant molecule. It 
may be postulated that the inhibitory 
activity of Igepal is a result of the 
phenolic configuration. On the other 
hand, Tween 80 is a eyclie dehydra- 
tion product of sorbitol, a sugar alco- 
hol readily utilized as an energy 
source by a wide variety of microor- 
ganisms. Accordingly, it is not sur- 
prising that this surfactant increases 
the B.O.D. 

Of the two detergent builders, so- 
dium sulfate was inactve while tetra- 
sodium pyrophosphate was inhibitory 
at concentrations of 10 p.p.m. and 
higher. The latter is a sequestering 
agent, capable of tying up calcium and 
magnesium ions in a soluble complex. 
Many organisms have a nutritional re- 
quirement for these ions; henee, it is 
possible that the inhibitory activity 
of the compound rests in its ability to 
reduce the number of available calcium 
or magnesium ions below the level 
necessary for bacterial growth and 
metabolism. Since the major propor- 
tion (60 to 70 per cent) of many syn- 
thetic detergents consists of builder 
materials, the fact that certain of these 
detergent builders may affect the nat- 
ural microflora of sewage is considered 
significant. 

Conclusion 

It seems obvious that the preceding 
effects on the B.O.D. test cannot be 
ignored in the interpretation of ex- 
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perimental results of investigations on 
the influence of detergents on sewage 
treatment processes. The point is best 
discussed by considering a hypotheti- 
eal investigation. The researcher was 
investigating the effect of an alkylaryl 
sulfonate detergent in concentrations 
of 10 to 100 p.p.m. on the efficiency 
of a trickling filter. Definite increases 
in the B.O.D. of the filter effluent were 
recorded compared with the B.O.D. of 
the effluent in the absence of the de- 
tergent. These increases were inter- 
preted as a deterioration in filter effi- 
ciency. It was known that the 
concentration of detergent was reduced 
50 per cent by passing through the 
filter. The detergent was present, 
however, in considerable quantity in 
the effluent and was capable itself of 
increasing the B.O.D. In view of these 
facts, the following question must be 
considered: was the increase in B.O.D. 
the result of decreased efficiency of 
the filter in the presence of the de- 
tergent or was it the result of the 
presence of the detergent in the test 
sample? The answer is that probably 
both factors influenced the effluent 
B.O.D. 

The true effect of the detergent on 
the efficiency of the filter can be ascer- 
tained by correcting for the increase 
in B.O.D. resulting from the presence 
of detergent in the effluent. This is 
readily accomplished by determining 
the rate of change of the B.O.D. as 
produced by the test detergent. The 
rate of change is multiplied by the con- 
centration of detergent in the effluent 
and this value is then subtracted from 
the experimentally-determined B.O.D. 
value of the effluent. This corrected 
effluent B.O.D. value may then be com- 
pared with the B.O.D. value of the 
influent in order to obtain a true pic- 
ture of the efficiency of B.O.D. removal 
in the presence of the detergent. 


Summary 


An investigation of the effects of se- 
lected synthetic detergents, surface- 
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active agents and detergent builders 
revealed the following: 


1. The cationic detergents, cetyl tri- 
methyl ammonium bromide and cetyl 
pyridinium chloride, exhibited an 
iodine demand in _ concentrations 
greater than 10 p.p.m. 

2. Santomerse, Tide, Fab, Tween 
80, CTAB and Igepal interfered with 
the D.O. titration. 

3. All the anionic detergents tested 
increased the apparent B.O.D. value 
of the synthetic sewage, although the 
individual detergents varied consider- 
ably as to the magnitude of the in- 
crease. It is suggested that this activ- 
ity of the detergent is a function of 
the susceptibility of the chemical struc- 
ture of the surfactant molecule to 
metabolization by the sewage organ- 
isms. 

4. Of the two nonionie detergents 
tested, Tween 80 in concentrations 
greater than 1 p.p.m. was stimulatory 
to the microorganisms in the B.O.D. 
test, while Igepal was inhibitory in 
concentrations greater than 30 p.p.m. 

5. The cationic detergemts decreased 
the apparent B.O.D. value of the syn- 
thetic sewage. 

6. An excess of anionic detergent 
neutralized the inhibitory activity of 
the cationic syndets. 
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7. One of the detergent builders, 
tetrasodium pyrophosphate, was inhib- 
itory to the microorganisms in the 
B.O.D. test in concentrations of 10 
p.p.m. and greater. 


The experimental results emphasize 
the necessity of correcting for the ef- 
fects of synthetic detergents on the 
B.O.D. test in any study of the in- 
fluence of detergents on a specific sew- 
age treatment process. 
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PROFESSIONAL OPPORTUNITY 


The Florida Merit System is accepting applications from sani- 
tary and public health engineers for positions with the state and 


local health departments. 


Positions are available for beginning 


and experienced engineers with college degrees. 

An announcement giving the minimum qualifications, salary 
ranges and other information may be obtained from the Florida 
Merit System, 307 W. V. Knott Building, Tallahassee, Fla. 
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WESTCHESTER COUNTY SOLVES SOME SEWERAGE 
PROBLEMS * 


By Guy GRIFFIN AND JAMES Brown 


Deputy Commissioner and Superintendent, New Rochelle Sewage Treatment Plant, 
Respectively, Department of Public Works, Westchester County, N. Y. 


Historical Background 


The New York State Legislature, 
in 1895, created a Bronx Valley Sewer 
Commission to study the expediency 
of constructing a sewer through that 
portion of the City of New York along 
the Bronx River, now the Bronx and 
Westchester County. The study was 
financed jointly by New York City and 
Westchester County. 

The engineers employed at that time 
studied the possibility of providing 
one large or several small sewage treat- 
ment plants to abate pollution of the 
Bronx River. Results of the survey 
favored a trunk sewer to receive sew- 
age from both the Bronx and Hutchin- 
son River Valleys and discharge it 
to deep water in Long Island Sound 
near either Hart Island, High Island 
or City Island (Figure 1). The engi- 
neers advised that the sewage be held 
in tanks during flood tide and dis- 
charged on the ebb tide. Further- 
more, provision should be made for the 
separation of solid matter from the 
liquid. Thus, early consideration was 
given to the provision of primary sew- 
age treatment. 

The Bronx River sewer was con- 
structed in 1911 only to the vicinity 
of the New York City boundary where 
it turned westward through a tunnel and 
discharged into the Hudson River in- 
stead of Long Island Sound. Later, 
in 1931, the present screening plant 


* Presented at 28th Annual Meeting, Fed 
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in South Yonkers was constructed at 
the tunnel portal astride the twin 48- 
in. east iron outlets, which are still 
in use for the plant outfall. At about 
this same time, sewage from the 
Hutchinson River Valley was added 
by means of a tunnel and sewer line 
to the Bronx Valley sewer. Engineer- 
ing foresight had provided for the 
possibility of this additional sewage 
flow by adequately sizing the original 
Bronx River sewer tunnel. 

In the period 1926 to 1933 the West- 
chester County Sanitary Sewer Com- 
mission was organized and undertook 
a program of planning, design and cou- 
struction. Work was directed toward 
eliminating all objectionable pollution 
from both Long Island Sound and the 
Hudson River that could be caused 
by wastes from Westchester County. 
This program provided for sewer dis- 
tricts conforming generally to drain- 
age areas. These areas were served 
by trunk sewers discharging through 
screening and disinfecting plants to 
submerged outfalls in the deep water 
of Long Island Sound and the Hudson 
River. The outfalls vary in length 
from several hundred feet in the Hud- 
son River to approximately two miles 
at the Mamaroneck Sewage Treatment 
Plant on Long Island Sound. The 
sereens at each of these plants are of 
the Reinsch Wurl type, consisting of 
rotating discs with slotted plates 
eleaned by revolving brushes. 


Sewer Districts 


Figure 2 shows, schematically, the 
sewer districts, trunk sewers, location 
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FIGURE 1.—Originally proposed Bronx Valley trunk sewer, Westchester County, N. Y. 
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FIGURE 2.—Existing sewer districts, Westchester County, N. Y. 


19 
t 
= 
x y - 
sf , 
ED. 
‘ 
t 
t ny 


20 SEWAGE AND INDUSTRIAL WASTES 


of the Westchester County sewage 
treatment plants and the other treat- 
ment plants owned by the various 
municipalities. The sewage treatment 
plant at Mount Kisco was one of the 
earliest to be built. 

The proportions of area, population 
and assessed valuation served by the 
existing facilities are presented graphi- 
cally in Figure 3. Ten sewer districts 
eover 130 sq. mi., which is approxi- 
mately 28.5 per cent of the West- 
chester County area. A total of 115 
mi, of trunk sewers, ranging in size 
from 12 to 78 inches, serves a popula- 
tion of 514,000 or approximately 80.3 
per cent of the total county popula- 
tion. The assessed valuation of the 
property served is $1,801,000,000, or 
89.8 per cent of the total county real 
estate valuation. Capital and operat- 
ing costs in each sewer district are 
spread over the equalized assessed 
valuation of property within each dis- 
trict. Therefore, the county sewer tax 
rate per $1,000 of assessed valuation 
varies in the various districts from 
$0.63 for the Bronx Valley to $3.31 
for the Saw Mill District. 

From 1933 to 1950 there had been 
little change in the sewerage facilities 
of Westchester County but the con- 
tinued population growth brought 
changes in effluent requirements. 


Classification of the Receiving Waters 


Changes in effluent standards re- 
sulted from the creation in 1936 of 
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the Interstate Sanitation Commission 
by mutual agreement among the States 
of New York, New Jersey and Con- 
necticut. Following considerable study 
this commission classifie:: the waters 
along the Long Island shore and in the 
Hudson River as Class ‘‘A.’’ This 
classification defined these waters to be 
suitable for recreational use and 
standards of effluent quality were 
adopted which could not be met by the 
existing county and several municipal 
sewage treatment plants. Several 
municipalities then discharged raw or 
partially chlorinated sewage into the 
Hudson River. 


New Rochelle Sanitary Sewer 
District 


When the original sewer districts 
of Westchester County were formed, 
several communities along the shore 
of Long Island Sound were not in- 
cluded because they either already had 
sewage treatment plants or had other 
reasons. Among these were Port 
Chester, Larchmont and portions of 
New Rochelle and Pelham Manor. 

The Interstate Sanitation Commis- 
sion instructed the city of New Rochelle 
to abate its pollution. Accordingly a 
firm of consulting engineers was re- 
tained to study the sewage treatment 
and water pollution problem. A report 
was presented and plans for a sewage 
treatment plant and intercepting sew- 
ers were prepared. At about the time 
these plans were ready (1949), the 
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FIGURE 3.—Percentage of Westchester County, N. Y., served by the county 
sewer system. 
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Westchester County Board of Super- 
visors authorized a more extensive 
study to include Larchmont, New 
Rochelle and Pelham Manor in a new 
sewer district. This study resulted in 
the formation of the New Rochelle 
Sanitary Sewer District. County 
plans included a sewage treatment 
plant to be located in New Rochelle; 
an intercepting sewer from Larchmont 
together with a new pumping station 
in Larchmont; an intereepting sewer 
from Pelham Manor, including two 
siphon sections and serving part of 
New Rochelle; and a third interceptor 
and siphons to receive sewage from the 
vicinity of the existing New Rochelle 
sewage treatment facility. 


Interceptor Sewers 


Specifically the interceptor sewer 
system consists of the following facili- 
ties: 


1. A 9,000 ft. 54-in. reinforced con- 
crete outfall sewer that terminates in 
40 ft. of water at the edge of a descent 
to greater depths. 

2. The Easterly or Larchmont In- 
tercepting Sewer which consists of 
2,000 ft. of 27-in. and 3,100 ft. of 30- 
in. reinforced conerete pipe. This 
sewer line crosses Premium River, 
passing through the marshland and 
along the shore of Echo Bay, to the 
new sewage treatment plant in New 
Rochelle. 

3. An unattended sewage pumping 
station in Larchmont located on the 
shore of Long Island Sound. This sta- 
tion will receive a large proportion of 
the sewage from Larchmont and pump 
it over the ridge to the end of the 
gravity Larchmont Interceptor. 

4. The Westerly or Pelham Manor 
Interceptor which starts at the White- 
wood Avenue pumping station, but has 
an 18-in. branch sewer from Pelham 
Manor and a 24 to 36-in. relief*sewer 
line from Mount Tom Road along 
Whitewood Avenue. From the White- 
wood Avenue pumping station a 42-in. 
gravity sewer line will extend along the 
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shore of Long Island Sound to the 
foot of Drake Ave. on New Rochelle 
Creek. Siphons will carry the sewage 
under this creek to the southwest end 
of Davenport Neck and then on grade 
along the north edge of Davenport 
Neck to Hudson Park where it will 
enter a new 400-ft. tunnel in rock to 
intersect the existing 350-ft. sewer 
tunnel under Hudson Park. Another 
pair of siphons under Echo Bay will 
terminate at a metering chamber on 
the sewage treatment plant site. An 
interesting feature of the existing tun- 
nels is the reversal of slope and direc- 
tion of flow created by the new treat- 
ment plant site. 

5. A third pair of siphons under 
Stephenson Run will convey the sew- 
age to be diverted from the existing 
sewage treatment plant. 


Costs 


With the completion of the inter- 
ceptor sewer project, all the sewage 
which previously entered Long Island 
Sound between New York City and 
the state of Connecticut, except for 
that from the Village of Port Chester, 
will have been intercepted and treated 
at existing sewage treatment plants or 
the new treatment plant in New 
Rochelle. The Village of Port Chester 
has its own primary type sewage treat- 
ment plant. 

An appropriation of $8,980,000 has 
been made for the entire New Rochelle 
Project as follows: 


Outfall Sewer 
Treatment Plant: 
Foundation, Sedimentation Tanks, 


$1,023,000 


and Digesters 2,075,000 
Superstructures and Equipment 1,840,000 
Intereepting Sewers & Pumping 

Stations 4,042,000 

Total 8,980,000 


The aerial photograph (Figure 4) 
shows the new sewage treatment plant 
site under construction and the several 
interceptor and outfall lines (dotted). 
At the top is the new 54-in. outfall 
sewer to Long Island Sound. Just be- 
low it is the old, shorter outfall from 
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FIGURE 4.—Old and new sewer lines in Ec 


January, 1956 


ho Bay, site of the New Rochelle primary 


type sewage treatment plant. 


the existing screening facilities. These 
old facilities are located to the left, 
out of the photograph. The double 
line represents the 24- and 30-in. si- 
phons of the main interceptor. Not 
shown is the Easterly Interceptor and 
the Stephenson Run Siphon from the 
old plant. 


Proposed County-Wide Program 


On August 28, 1952, the Interstate 
Sanitation Commission issued an order 
concerning the discharge of sewage or 
other polluting matters from West- 
chester County treatment facilities into 
the waters of Long Island Sound and 
the Hudson River. This order pro- 
vided a schedule for studies and re- 
ports on all the county sewage treat- 
ment plants and, in addition, set dates 
for the completion of plans and com- 
pletion of construction of the improved 
facilities discharging into the Hudson 
River. 

A few of the highlights of this ex- 


tensive county-wide project will be 
given here. 

The Interstate Sanitation Commis- 
sion order stipulates treatment to re- 
move all floating solids and at least 
60 per cent of the suspended solids. 
A reduction of coliform organisms 
shall be effected so that the probable 
number of such organisms shall not 
exceed one per cubic centimeter in 
more than 50 per cent of the samples 
of effluent tested by the partially con- 
firmed test. This order further speci- 
fies that for the Hudson River new 
facilities to meet these requirements 
shall be in operation by December 31, 
1958. 

A consulting engineering firm was 
retained by Westchester County to re- 
port on the best solution of the prob- 
lem. Their studies were to: 


1. Determine the type and size of 
the necessary sewage treatment works. 

2. Recommend whether one or two 
treatment plants should be built. 
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3. Determine the necessary size and 
location of connecting or intercepting 
sewers. 

4. Recommend a suitable site or 
sites. 

5. Prepare a reliable estimate of con- 
struction and operating costs. 


At present there are two county- 
owned and operated sewage screening 
and chlorination plants located in the 
city of Yonkers. These facilities, lo- 
cated on the easterly shore of the Hud- 
son River, serve the tributary areas. 
The South Yonkers sewage treatment 
plant is at the south line of West- 
chester County and the North Yonkers 
facility is located on the Hudson River 
about 1.5 mi. above South Yonkers. 
The southerly plent serves an area of 
56 sq. mi. and the northerly plant 32.5 
sq. mi. Design flows were respectively 
84 and 50 m.g.d. 

The consulting engineers, after 
studying in detail all the previously 
mentioned items, submitted a report 
on July 30, 1954. This report recom- 
mended : 


1. A sewage treatment plant to ac- 
complish the required degree of treat- 
ment, should consist of aerated grit 
chambers, aeration tanks with a de- 
tention time of 30 min., sedimentation 
tanks with about 2 hr. detention, chlo- 
rination facilities including a contact 
tank having 20 min. detention and an 
outfall into deep water in the Hudson 
River. Sludge thickening, digestion 
and storage tanks, and a barge of about 
1,600 tons capacity for disposal of di- 
gested sludge solids at sea should be 
provided. 

2. This sewage treatment plant 
should be constructed on a site con- 
sisting of land reclaimed by filling 
operations in the Hudson River op- 
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posite the existing South Yonkers sew- 
age treatment plant. Sewage would be 
received by gravity through a 78-in. 
connecting sewer from the southerly 
sewage treatment plant and through 
a 54-in. force main from the existing 
North Yonkers treatment plant, which 
would be converted to a pumping sta- 
tion. 

3. The estimated construction cost 
of the project outlined, based on an 
Engineering News-Record Cost Index 
of 650, was $10,500,000. Should the 
Cost Index rise to 750, the project cost 
would become $12,100,000, 


In November, 1954, the electorate of 
Westchester County voted to authorize 
a $15,000,000 bond issue to cover the 
cost of the project. Consulting engi- 
neers were retained to prepare con- 
struction drawings for the project, 
except for some items to be designed 
by the county engineering forces. 

At present, the acquisition of land 
is under way, one section of the con- 
necting sewer design is about ready 
for bids, and it is planned to start 
construction work on site preparation 
early in 1956. The New York State 
Department of Health are permitting 
postponement of the construction of 
the pre-aeration features of the plant. 
Space is to be reserved, however, for 
this construction at a later date, if 
operating results demonstrate the 
need. An interesting feature of design 
is the use of sludge thickening and 
high rate sludge digestion. It is esti- 
mated that for a 60 per cent removal of 
solids in 1980 the digester tank loading 
will be 8.8 and 11.0 Ib. of solids per 
eubie foot per month for the annual 
average and maximum month quan- 
tity of solids added, respectively. 
This is equivalent to about 0.3 eu. ft. 
per capita for the average loading. 
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DISCUSSION 


By JAMES 


In this paper the design features 
and initial operation problems of the 
sewage treatment plant for the New 
Rochelle Sanitary Sewer District will 
be deseribed. 


Design Flows 

Although fairly tight intercepting 
sewers could be built, they must serve 
existing municipal sewerage systems, 
portions of which were built many 
years ago. Consequently, considerable 
infiltration and some storm flow could 
be expected. Intereepting sewers and 
the sewage treatment plant outfall 
were designed for the year 2000 and 
the treatment plant for the year 1975. 

Population and sewage flow studies 
indicated that provision should be 
made for interceptor flows as shown 
in Table I. 

The total population tributary to 
the new plant in 1975 would be 81,000. 
Wet weather flow in that year is ex- 
pected to be at the rate of 32.2 m.g.d. 
and 44.8 m.g.d. in the sewer design 
year of 2000. The wet weather flow 
in 1975, was considered to average 
nearly 400 gal. per capita per day. 

It was decided to provide maximum 
pumping capacity at the plant for 50 
m.g.d. with provisions for discharging 
any flow in excess of 31.5 m.g.d. di- 
rectly to the outfall sewer. The 31.5 
m.g.d. flow could be pumped to the 


TABLE I.—Population and Sewage Flows, 
Westchester County, N. Y. 


Flow (m.g.d.) 
Population |~ 


Flow Point 1975 


Wet 
Weather 
1975 


6,735 


Larchmont Pumping 
Stati 


11,000 
37,695 
32,303 
80,998 


10n 
Easterly Interceptor 
Westerly Interceptor 
Stephenson Run 
Plant total 


M. Brown 


sedimentation tanks at a higher head 
if desired. 


Treatment Units 


A primary type sewage treatment 
plant was designed and built to serve 
a population of 81,000 by 1975 at an 
average dry weather flow of 15 m.g.d. 

Four vertical centrifugal pumps 
pump the raw wastes to the grit 
chamber where it flows by gravity to 
the comminutors and thence to the 
rectangular settling tanks. The pri- 
mary tank effluent is chlorinated prior 
to discharge through a 54-in. concrete 
outfall line extending 9,900 ft. into 
Long Island Sound at a depth of 40 ft. 
Pumping Facilities 

Wet well design was predicated on 
the use of two constant speed pumps 
and two variable speed pumps with 
magnetic drives (Figure 1). Sewage 
in the wet well is held at a constant 
level by increasing or decreasing the in- 
tensity of the magnetic flux and hence 
the capacity of the variable speed 
pumps. The use of these pumps per- 
mitted designing the wet well for a 1 
min. detention period at the maximum 
flow, rather than the customary 5 to 
15 min. The resulting even flow 
through the treatment plant will pro- 
vide greater settling efficiencies as well 
as more economical power usage. In- 
cluded in the raw sewage pumping 
discharge system are four 24-in. cone 
valves wired to open after the cen- 
trifugal pumps start and to close 
slowly prior to the actual shutting 
down of the pumps. This prevents 
the transmission of water hammer and 
excessive pressure to the piping sys- 
tem; particularly the long outfall 
sewer when flushing it by means of 
direct pumping with all four pumps. 
Each pump has a capacity of 10.5 
m.g.d. when pumping to the sewage 


a 
24 
in 
— 
ewer 
2000 
4.40 5.62 
15.23 20.54 
12.57 18.64 
32.20 44.80 
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FIGURE 1.—One of four magnetic drive 
10.5 m.g.d. raw sewage pumps. 


treatment plant, providing a maxi- 


mum wet weather flow of 31.5 m.g.d. 
When the four pumps discharge di- 
rectly to the outfall sewer they have 


a combined capacity of 50 m.g.d. This 
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capacity can be maintained for short 
periods of time by opening the drain 
valves from the sedimentation tanks 
to the wet well. This provision per- 
mits periodic flushing of the long out- 
fall. 


Primary Units 


Grit removal is handled by a detritor 
with a wet weather detention period 
of 32 sec., and a design flow detention 
of 80 sec. Four rectangular settling 
tanks (Figure 2), each 156 ft. by 41 
ft. have an average depth of 7 ft. and 
provide 2-hr. detention at the design 
flow. Effluent wiers of the V-notch 
type provide a designed overflow rate 
of 15,000 gal. per linear foot per day. 
The tank surface loading is 600 gal. 
per square foot per day. Linear 
flights, cross collectors and scum re- 
moval mechanisms remove the settled 
sludge to the sludge hopper. Sludge 
is removed to the digester from where 
it is pumped by two scrupeller pumps 
or by a piston pump. Grease and 
skimmings are automatically skimmed 
to the grease trough by rotating 
scrapers. The trough discharges to a 
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scum pit from which skimmings are 
pumped to the digester by a heavy 
duty piston pump. A time clock 
schedules the operation of the skim- 
mers and the piston pump is float 
controlled. Great flexibility has been 
worked into the design of the sludge 
pumping system. The operation of 
all sludge pumps as well as the hy- 
draulic suction valves from each set- 
tling tank may be operated manually 
or by remote control from the digester 
penthouse. This enables the operator 
to control the pumping of sludge at 
the digester where he can visually in- 
spect the sludge pumped. 


Digesters 


The four fixed covers 65-ft. diameter 
digesters each have a side water depth 
of 20.25 ft. and provide 3 cu. ft. of 
sludge capacity per capita. Flexibility 
of sludge piping permits operation of 
one or all of the digesters as primary 
tanks with the others being used as 
secondary units. The raw sludge or 
supernatant can be selected from any 
of three depths and heated in an ex- 
ternal heat exchanger located in the 
basement of the digester building. Hot 
water from a hot water heater, fired 
by digester gas or No. 2 fuel oil in a 
combination burner, is re-circulated 
through the heat exchanger. The 
heated sludge or supernatant can then 
be returned through the overflow box 
at the top of the digester. Each di- 
gester is equipped with three draft 
tube mixers and a make-up water 
tank. 


Other Units 


Post chlorination for disinfection 
and pre-chlorination for odor control 
in proportion to the flow is provided 
by three chlorinators having a com- 
bined chlorine capacity of 6,000 Ib. 
per day. 

The treatment plant has two water 
systems in addition to a potable sup- 
ply. A fresh water supply entirely 
separated from the potable supply is 
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used for pump seals. A settled sew- 
age supply is provided for cleaning 
purposes and for chlorinator injector 
operation. 

Sludge will be dewatered on an 8 ft. 
by 10 ft. coil filter and the sludge 
eake will be flash dried and inciner- 
ated. Chemical conditioning with 
ferric chloride and lime has been pro- 
vided. 

No immediate attempt will be made 
to recover dried sludge for fertilizer. 
However, only minor changes to the 
present equipment will provide for 
the production of dried sludge if it is 
found advantageous. Tanks for elu- 


triation of the sludge have been con- 
structed, but the installation of the 
equipment has been postponed. 


Initial Operation 


Although the interceptors and treat- 
ment plant were not completed by the 
start of the summer bathing season, 
partial operation was commenced in 
May by pumping the flow from the 
New Rochelle Plant into the new and 
longer outfall. In August, the settling 
tanks and digesters were ready for op- 
eration and primary treatment was 
started. It has not been an easy task 
to operate with construction still in 
progress, but the urgency of additional 
treatment of the sewage during the 
bathing season and the relief of sewer 
overflows made partial operation de- 
sirable at the earliest opportunity. 

Operation has for the most part been 
accomplished with a minimum number 
of headaches. Shortly after the main 
sewage pumps were started a consid- 
erable decrease was observed in the 
eapacity of one pump. Examination 
showed that a piece had been broken 
off each edge of the nickel steel im- 
peller. No foreign object was found 
within the pump casing and the exact 
eause of the damage has not been 
determined. During the first month 
of operation a drive sprocket on the 
eross collectors was found broken. 

It was not feasible to obtain digested 
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FIGURE 3.—New Rochelle sewage treatment plant, Westchester County, N. Y. 


sludge to seed the digesters. Two di- 
gesters, therefore, were placed in op- 
eration by pumping raw sewage into 
them through the heat exchanger. The 
sludge was added routinely five times 
per day. 

Since the plant was still in the con- 
struction stage, cooperation had to be 
maintained with the unions on the job. 
This made it necesary to shut off the 
hot water boiler which provides heat 
to the digesters at 4:30 pm each day 
and to refire at 8:30 am when the union 
returned to work. This has been ruled 
necessary since the filter and incinera- 
tor building which houses the boiler 
is still under construction and union 
men are present. Maintaining digester 
temperature above 80° F. under these 
conditions has not been possible. 

Fortunately the full sewage load has 
not been turned into the plant and 


the digesters are operating at the low 
solids loading of approximately 0.9 Ib. 
of volatile solids per cubie foot per 
month. No difficulty is anticipated 
with this loading at the lower digester 
temperatures. Volatile acids have re- 
mained below 1,350 p.p.m. and, al- 
though combustible gas has not been 
produced yet it is expected to start 
soon. 

A well-trained lady chemist is re- 
sponsible for an unusually large and 
well equipped laboratory. 

Design of the intercepting sewers 
and sewage treatment plant (Figure 
3) as well as the supervision of con- 
struction was under the immediate 
charge of L. G. Rice, Consulting Engi- 
neer to Westchester County. The 
Deputy Commissioner and Commis- 
sioner of Public Works have general 
supervision over the work. 
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RESEARCH ON ACTIVATED SLUDGE 


VII. Efficiency of the Diffused Air System 


By A. PASVEER 


Research Institute for Public Health Engineering, National Health Research Council, 


The 


In this paper, the results obtained 
from the research on biochemical oxi- 
dation (1) and oxygenation of water 
with air bubbles (2) are applied to the 
activated sludge process of 
purification. 

The cost of the aeration process in 
the purification of sewage is mainly 
determined by three factors: 


sewage 


1. Serviceability of the oxygenation 
process. 

2. Maintenance cost of the treatment 
plant. 

3. Construction and equipment costs 
of the aeration tanks. 


This paper presents some observa- 
tions on the preceding factors as they 
relate to sewage aeration by means of 
compressed air. 


Process Serviceability 


With the aid of the formula Q = 
2A t can be ealeulated V4, 
that is, the percentage of oxygen that 
is dissolved from an air bubble after 
through a water column A 
(the water having an oxygen content 
equal to zero). If the amount of 
ergy that is required to introduce the 
air into the water column is also cal- 
culated, then the 
from which the yield in grams of oxy- 


passage 


en- 


data are available 
gen per kilowatt hour can be deduced. 
The energy required is calculated 


using the formula: 


Q (h + a) 


1) 
60 75 Xr 


W = 73,600 


Hague 


28 


Netherlands 


in which 


W = the expended energy (watts) ; 
Q = the amount of air displaced (cu. 
m. per minute) ; 
= the height of the water column 
(mm.) ; 
= the overpressure 
water) ; 
the efficiency 
blower (per cent). 


* 


(mm. head of 


of motor and 


As a result, the yield in grams of 
oxygen per kilowatt hour is: 


9769 X Va Xr 


(a + 


in which V4, and r are in percentages ; 
and (a+h) in mm. of water column. 


The calculation of the yield in grams 
of oxygen per kilowatt hour was de- 
termined for air bubbles of from 0.2 
to 1 em. The results are summarized 
in Table I. 

The determine 
the results of this caleulation: 


1. The factor ) is the relative con- 
centration gradient at the air bubble/ 
water boundary at the moment that the 
eontact has just ceased to exist. The 
value of ) was assumed for all air 
bubbles to be 1,300 per em. For the 
largest air bubbles this value is prob- 
ably too high, so that the results cal- 
culated for these air bubbles are better 
than in actual practice. Up to the 
present there have not been sufficient 


following factors 


* Resistance 
duits. 


in the air diffuser and con- 
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TABLE I.—Effect of Different Size Air Bubbles on Oxygenation (Output) 


Long Axis of 
Air Bubble h Van 
(em.) 


( Output 
. oxygen per 
(Fo) chr.) 


Long Axis of 
Air Bubble 
(cm.) 


Output 
. oxygen per 


0.20 10.4 
19.7 
28.1 
35.5 
42.3 
48.3 


16,933 
17,495 
17,157 
16,514 
15,893 
15,220 


8.7 14,165 
16.7 14,831 
24 14,653 
30.7 14,281 
36.7 13,789 
42.3 13,330 


7.7 12,537 
14.9 13,232 
21.5 13,127 
27.6 12,839 
33.2 12,474 
38.4 12,101 


6.3 10,257 
12.2 10,835 
17.7 10,807 
22.9 10,653 
27.7 10,408 
32.3 10,179 


0.50 8,466 
9,058 
9,036 
8,978 
8,830 
8,666 


7,652 
8,082 
8,120 
8,094 
7,965 
7,847 


6,350 
6,749 
6,838 
6,838 
6,763 
6,681 


5,536 
5,950 
5,983 
6,001 
5,936 
5,893 


Notes: 


1. It is assumed that ( has the same value for all sizes of air bubble. 
2. The efficiency of motor and blower is assumed to be 100 per cent. , 
3. The output in grams of oxygen per kilowatt hour is computed for a pressure loss in the 


air diffuser equal to a 10 cm. water column. 


4. The output in grams of oxygen per kilowatt hour is computed for a zero oxygen content 


in the water. 


5. The output is computed for an air bubble ascending in quiescent water. 


observations of ¥ for these bubbles. 
(For bubbles of 1 em. of value ¥ 
= 1,018 per em. was found). 

2. The Vw was caleulated for an 
oxygen content of zero, a temperature 
of 10° C. and a barometric pressure 
of 760 mm. Thus the yield gives the 
number of grams of oxygen per kilo- 
watt hour. The yield for an oxygen 
content of the water = ¢ mg. per liter 
is obtained by multiplying by the fac- 
tor (11.25 — c)/11.25. No correction is 
required for differences in tempera- 
ture, as the influence of a lesser deficit 
at a higher temperature is compen- 
sated for by the higher value for the 
diffusion coefficient. 


3. The efficiency of the motor and 
blower was assumed to be 100 per 


cent. In reality this efficiency is be- 
tween 60 and 80 per cent. 

4. The resistance (@) in the air dif- 
fuser and conduits has been considered 
to be equal to a water column 10 em. 
high. It is not known whether or not 
this value can be applied in practice 
for small air bubbles 0.2 and 0.25 em. 
in diameter. For the larger air bub- 
bles this slight overpressure applies 
only in the case of new air diffusers. 
The resistance of the air diffuser in- 
creases during use and may often equal 
several meters of water column. The 
actual yield of oxygen is then much 
less than that shown in Table I. 
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Vs | (em.) | (%) 

0.25 26.5 | 50 0.60 138] 50] 47 pas: 

100 100 | 9.1 

150 150 | 13.3 Ee 

200 200 | 17.4 

250 250 | 21.2 

300 300 | 24.9 os 

030 | 234] 50 080 |115] 50] 39 

100 100 | 7.6 
150 150 | 11.2 *. 

200 200 | 14.7 ite 

250 250 | 18 

300 300 | 21.2 i 

040 | 188] 50 10 | 50] 34 

100 100 | 6.7 

150 150 | 9.8 Phy 

: 200 200 | 12.9 eft 

250 250 | 15.9 

300 300 | 18.7 

{ 

: 
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AIR DIFFUSER 


FIGURE 1.—Sketch of glass tube used 
in laboratory studies on the effect of water 
circulation on oxygenation. 


5. The Vg, (and hence the yield) 
was calculated for the ascent of air 
bubbles in quiescent water. In the 
diffused air activated sludge process, 
the spiral flow system in particular 
and maybe to a somewhat lesser ex- 
tent in the ridge and furrow system, 
the circulation in the aeration tank 


is such that the air bubbles ascend in 
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water having quite a high upward ve- 
locity. As a result the time of contact 
of the air bubbles with the water is 
shorter and therefore the amount of 
oxygen dissolved is less. 

This condition was verified in the 
laboratory by comparing the yield in 
the tube shown in Figure 1 with the 
yield in a straight tube of the same 
height. In the tube in which the 
water is kept circulating, the yield is as 
much as 30 to 35 per cent less than in 
the straight tube. In the activated 
sludge tank the vertical velocity of the 
water is probably even greater. 

It is found by ealeulation that ap- 
proximately 9 per cent of the oxygen 
in the air bubbles will have been ab- 
sorbed in the water: 


8.25 
3 * 11.25 


X 18.7 = 9* per cent 


For this calculation it is assumed that 
the head of water is 3 m. and the mean 
oxygen content in the aeration tank 
is 3 mg. per liter. The average size 
for the air bubbles was 1 em, and a 
decrease in yield of one-third was in- 
cluded as a result of the shorter air 
water contact time due to circulation 
of the tank contents. 

This percentage agrees closely with 
the average value of 10 per cent given 
by Imhoff (4). The same value of 9 
per cent may also be determined by 
taking a smaller average diameter for 
the bubbles, with a greater decrease 
in yield due to circulation. This will 
be more in accordance with actual con- 
ditions as follows from the work of 
King (6) who estimated high tank 
circulation velocities. 

6. There is the possibility that in 
sewage a film of substances possessing 
surface activity is formed around the 
ascending air bubbles; as a result the 
transfer of oxygen is less. This effect 
has not been considered in the preced- 
ing caleulation. 


It is evident from the previous state- 
ments that although the theoretical 
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yields from the process of aeration 
with compressed air are high, various 
conditions must be taken into account 
which make the ultimate yield much 
lower. When the resistance in the 
air diffuser is high, the yield in com- 
pressed air aeration is not higher than 
with the rotating brush. (Oxygena- 
tion capacity equal to approximately 
1,500 to 2,000 grams of oxygen per 
kilowatt hour.) 

This is in agreement with the ob- 
servation that in an activated sludge 
plant with brush aeration the con- 
sumption of energy is usually some- 
what less than in a compressed air 
installation (5). 

It is important to _ investigate 
whether or not the yield might be im- 
proved and in what way. There are 
three points deserving particular at- 
tention, viz., the air diffuser, the depth 
of the aeration tank and the circula- 
tion. 


Improving the Yield 
Air Diffuser 


Table I shows how essential it is for 
the air to be divided as finely as pos- 
sible. Air dispersion is limited in 
varying degrees by the clogging of the 
air diffusers. Clogging is more 
marked the greater the fineness of the 
diffuser pores. Aerating with clean 
air aids considerably in preventing 
clogging. It would be desirable to con- 
tinue research until a method is found 
whereby finely divided air bubbles can 
be produced at a low consumption of 
energy and in which no risk of clog- 
ging occurs. 


Aeration Tank Depth 


A number of factors must be con- 
sidered in selecting the depth of the 
aeration tank, in addition to the cost 
of energy. These factors require ex- 
amination on an individual basis. 

Table I shows that from the point of 
view of energy cost, especially in the 
ease of smallest air bubbles, the depth 
at which air is introduced into the wa- 
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ter should be small (1 to 2 meters) for 
low air diffuser resistances. At first this 
would seem to be contrary to the view 
that at a greater depth, owing to the 
high pressure of the air bubble, the 
speed of solution of the oxygen must 
be greater. This is actually correct, 
but the more rapid dissolving of the 
oxygen is balanced by the fact that 
at a greater depth the number of bub- 
bles that can be formed from a given 
volume of atmospheric air is propor- 
tionally less. Of course, the total 
oxygen absorption in the case of the 
more shallow tank is less. An in- 
crease in the surface area of the aera- 
tion tank or the use of more filter 
plates in the tank bottom area is re- 
quired. 


Tank Circulation 


Aeration tank efficiency can be in- 
ereased by reducing the upward ve- 
locity, and in turn the circulation. 
This can be achieved by distributing 
the air supply uniformly over the en- 
tire area of the tank bottom. 


Operating Cost Considerations 
Diffuser Clogging 


The weak point in the diffused air 
system with porous air diffusers is 
that usually considerable difficulty is 
caused by clogging of the air diffusers. 
There are extensive references to this 
subject in the literature. 

Many attempts have been made to 
replace the air diffusers with tubes 
having holes or slits. It has been re- 
ported that in many cases in activated 
sludge tanks these holes also become 
clogged (5). This was experienced 
by the author in a pilot plant in 
which aeration was effected through 
holes having a diameter of 2 mm. and 
spaced 6,000 per square meter. 


Large Bubble Aeration 


In the course of further research 
the expedient of using much larger 
apertures has been tried. The air was 
introduced into the water through 


if 
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apertures 3 cm. in diameter. This 
method of aeration offers the great 
advantage that the treatment plant can 
be a simple type and there is no diffi- 
culty with clogging of the apertures. 
Furthermore, the cost of maintenance 
is low. A great disadvantage of this 
method is its low efficiency as the 
yield in grams of oxygen per kilowatt 
hour is small. This is due to the 
small absorption of oxygen from the 
large air bubbles. Also the rapid cir- 
culation of the tank contents results 
in a very short contact time between 
the air bubbles and the water. 

Some investigators are of the opin- 
ion that with this method of aeration 
most of the oxygen is absorbed at the 
surface of the tank. Popel (7), for in- 
takes this for granted in the 
designing of aeration tanks. 

It is important to obtain some idea 
of the extent to which oxygen is ab- 
the tank surface. This is 
necessary in order to assess the value 
of large bubble aeration and to ascer- 
tain whether or not short contact 
times are wholly or partly compen- 
sated for by rapid oxygenation at the 
tank surface in the case of aeration 
tanks with rapid tank circulation. 
Previous observations of a tank with 
a horizontal stirring device have al 


stance, 


sorbed at 


SAPERTURE 20 mm 
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ready revealed that the surface aera- 
tion contribution is quite small even 
with rapid tank circulation. It seemed 
desirable, however, to determine the 
value of surface aeration for a tank 
using the large bubble aeration 
method. 

The oxygenation capacity was deter- 
mined at different rates of air supply 
in the conerete tank (Figure 2). The 
observed increase in oxygen and the 
calculated oxygenation capacities are 
summarized in Table Il. Also shown 
is the trend of the oxygen content 
when nitrogen instead of air was 
passed through the water. In this 
case precautions were taken so that 
the rate of supply of nitrogen was as 
nearly as possible the same as in the 
corresponding experiment with air. If 
the absorption of oxygen at the tank 
surface is considerable it should be 
revealed in these experiments with 
nitrogen. 

The that when nitro- 
gen is passed through water under 
the conditions selected, the oxygen 
content of the water (about 1.5 mg. 
per liter) in the aeration tank under- 
goes little change. It follows that in 
these experiments there was a virtual 
equilibrium between the rate of ab- 
sorption of oxygen at the tank surface 


results show 


FIGURE 2.—Sketch of aeration tank used to determine oxygenation capacity at 
different rates of air supply. 
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TABLE I.—Experiments With Air and Nitrogen for Determining the Effect 
of Aeration Tank Surface on Oxygenation 


Air Suppl 
(cu. m. per hr.) 


Nitrogen 
(cu. m. per 


Height of water column 
(em.) 

Tank volume (cu. m.) 

Temperature (°C.) 


Time (t, min.) t | mg. O2/1. 


0 


t | mg. Oo 1. 


tan a 
O.C, (g. per cu. m. per hr.) 47.8 
g. oxygen per net kw.-hr. appr. 1,300 


appr. 1 ,500 


and the rate at which the oxygen is 
removed from the water by the nitro- 
gen bubbles. 

Stefan’s formula 


kt 


us 


2A (Cre — 1) 


for the solution of oxygen in water 
also holds good for the removal of 
oxygen from water. In this formula, 
for an atmosphere of nitrogen, cz, is 
replaced by the oxygen concentration 
in the water mass (c,;) and c, by the 


oxygen concentration in the boundary « 


surface, which in the atmosphere of 
nitrogen may be taken as being practi- 
cally equal to zero. 

Provided steps were taken to insure 
an equal speed of passage of air and 
nitrogen, it may be assumed that the 
resulting boundary surface (gaseous 
atmosphere-water) was the same in 
both cases. The equation for the oxy- 
genation capacity (0.C.) deduced 
with the aid of Stefan’s formula is 


0.C, = 2.303 


= 25.9 tan-a 


kyo 


11.25 tan-a 4/—— 
ky 


and therefore, may be used also for the 
speed of oxygen removal from the wa- 
ter together with the nitrogen, if the 


value 11.25 (c,, at 10° C. and 760 mm. 
barometric pressure) is replaced by 
the oxygen content of the water. In 
the equation for the oxygenation ca- 
pacity tana is a variable governed by 
an expression which is a measure for 
the area of the air—water surface and 
the degree of renewal of this boundary 
surface (3). 

Based on these theoretical considera- 
tions an experiment was conducted 
passing nitrogen through an aeration 
tank filled with water having a very 
low oxygen content. The nitrogen 
supply rate was 7.5 cu. m. per hour 
and maintained for a period of 40 min. 
The oxygen content of the water in 
the tank had then reached the equi- 
librium value of 1.10 mg. of oxygen 
per liter at 12.9° C. By using the 
value tan-a=1.16, (Table II) the 
speed of removal of oxygen by nitro- 
gen at 10° C. can be caleulated by the 
expression : 


; = 2.303 X 1.10 K 1.16 XK 0.948 
= 2.79 g. of oxygen per cubic 
meter of water per hour 


0.948 = 4/— 
).948 


The speed of deoxygenation is equal 
to the speed of oxygenation at the 


in which 
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040 |0| 058 o| 1.73 |0 1.55 | 0] 1.67 1.54 
2] 188 | 2] 1.39 3} 2.85 |2 148 | 2] 1.69 3] 1.57 
4] 347 14] 2.60 6] 330 |44| 1.35 | 4] 1.62 6} 1.71 
6] 468 |6] 3.35 9| 410 |6 137 | 61] 1.56 9} 1.61 
8] 577 |8| 429 470 |8 | 1.30 | 8] 168 |12] 1.63 
15] 6.11 15| 1.70 
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tank surface at 10° C. The oxygena- 
tion at the tank surface (2.79 g. per 
cubie meter per hour) does not amount 
to as much as 10 per cent of the 29.4 
g. per cubic meter per hour which 
is supplied when air is blown through 
the water (Table II). Moreover, it 
must be remembered that in practice 
the height of the water column is at 
least twice the height used in these 
experiments. Accordingly the surface 
aeration contribution expressed as a 
percentage is reduced to one-half. 

Thus it is found that the absorption 
of oxygen at the tank surface, even 
with large bubble aeration in which 
the surface turbulence is more violent 
than in the case of aeration with small 
bubbles, is unimportant. Even at low 
speeds of oxygenation in which the per- 
centage of oxygen contributed by the 
tank surface may be a maximum, it 
will not often exceed 10 per cent. 

The low efficiency of large bubble 
aeration therefore is not compensated 
for by a substantial absorption of oxy- 
gen at the aeration tank surface. 

The question now to be answered is: 
can large bubble aeration be improved 
in such a way that its efficiency does 
not show too great a disparity with 
other methods of aeration? If this can 
be done the advantages of simplicity 
and low maintenance costs would be 
fully realized. 


Location of Diffusers 


It also follows that in this case in- 
creased efficiency will be effected 
mainly by removing the cause of the 


TABLE III.—Experiments with Large Bubble Aeration 
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short contact time. i.e. by eliminating 
the circulation. An experiment for 
orientation in this direction is de- 
scribed. 

Air was supplied to the tank (Fig- 
ure 2) through four openings. In the 
first series of tests these openings were 
placed along the short side of the 
tank, in the second series of tests the 
tank bottom area was limited to 111 
cm. by 60 em. and the four openings 
were distributed over this bottom area. 

In Table III the results of these ex- 
periments have been combined. With 
the lower air rate and less turbulence, 
there is no difference in the two meth- 
ods of air supply. There probably 
was circulation in both 

At the higher rates of air supply, 
however, there was an increase in oxy- 
gen output per kilowatt hour up to 
13 per cent. It might be that with 
still more openings per unit area of 
tank bottom and with deeper tanks 
the difference between both kinds of 
air supply may be more. 


ases. 


Construction and Equipment Costs 


The construction and equipment 
costs must be considered in the annual 
cost of the treatment plant. 

In previous research (3) it was 
found that with rotating brush aera- 
tion, complete purification of a 6 to 
8 times normal amount of sewage 
could be obtained by merely increas- 
ing the rate of oxygen supply to 6 to 
8 times the usual value. 

In subsequent laboratory experi- 
ments (1) it was shown that even an in- 


Head of water (cm.) 130 

Volume of water (cu. m.) 

Volume of air per opening (1.) 

O.C.! (g. per cu. m. per hr.) 

Output (g. oxygen per net 
kw.-hr.) 


1,465 1,622 


Aeration From Four Openings 
at One Side of Tank 


1.5 
0.86 15 
51.3 


Aeration From Four Openings 
Distributed Over Tank Bottom 


130 


130 
0.88 
0.62 

55.3 


130 
0.88 

68.5 134.7 


1,630 1,430 1,843 


1 Oxygenation capacity. 
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crease of 50 to 100 times the normal 
amount of sewage can be completely 
purified provided the oxygenation ca- 
pacity to load value remains constant. 

On this basis an increase of 10 to 
20 times in rate of oxygenation is not 
an extreme measure. The load per 
unit volume thereby may be increased 
10 to 20 times. The requisite aeration 
tank volume is accordingly reduced to 
5 to 10 per cent of what is considered 
necessary at present. 

It would for instance be possible, in 
a tank with diffused air aeration, to 
provide the whole tank bottom with 
porous air diffusers. This may be ac- 
complished by providing 10 to 20 times 
as many porous air diffusers per square 
meter of tank bottom. With the same 
speed of air passage the speed of oxy- 
genation would be increased 10 to 20 
times. The increase in oxygenation 
would in fact be more than this as a 
result of the improved efficiency due 
to the absence of circulation. 

When existing purification plants 
are being enlarged it will in principle 
be unnecessary to increase the volume 
of the aeration tank. Increasing the 
intensity of oxygenation will make it 
possible to increase the load per unit 
volume of the aeration tank. 

This method must, of course, be 
tried under practical conditions. Ef- 
forts will be made to earry out an 
experiment on a practical scale with 
an aeration tank equipped in the man- 
ner previously indicated. 


Conclusions 


1. Aeration with small air bubbles 
is more efficient than with large bub- 
bles. The output in grams of oxygen 
per kilowatt hour in the case of small 
air bubbles may be _ considerably 
higher than in the case of larger air 
bubbles. 

2. The rapid tank circulation in an 
activated sludge tank with a diffused 
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air system aeration has a decidedly 
detrimental effect on the amount of 
oxygen passing into solution. 

3. The absorption of oxygen at the 
surface of the aeration tank proved 
to be of minor importance. This also 
applies when aerating with large air 
bubbles. In the case of low oxygena- 
tion capacities the effect of surface 
aeration is high, but even then, in 
tanks with a depth of 2.5 to 3 m., it 
will not be more than 10 per cent. 

4. In the case of low air diffuser re- 
sistance, shallow aeration tanks (1.5 
to 2 m. in depth) are more economical 
than deeper tanks, especially when 
aerating with small air bubbles. 

5. Special attention must be given 
to the possibility of decreasing the 
aeration tank volume by increasing the 
rate of oxygen supplied to the mani- 
fold. The detrimental effect of rapid 
circulation can then be avoided. 
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IRRIGATION WITH SEWAGE EFFLUENTS 


By Bernarp P. SKULTE 


Consulting Engineer, Fay, Spofford § Thorndike, Boston, Mass. 


The land treatment of sewage is as 
old as sewage disposal itself. Until 
recently, however, sewage farms were 
neither well planned nor skillfully 
managed. The disposal of sewage efflu- 
ent was the primary object; the rais- 
ing of crops and replenishing of 
ground water generally being consid- 
ered of secondary importance. As 
economy of installation and operation 
usually resulted in too much sewage 
being used on too little land, septic 
conditions were frequently produced. 
It is not surprising that the old prac- 
tices of land disposal of sewage have 
been largely abandoned. 

The new methods of using sewage 
effluents for, planned irrigation, with 
emphasis placed on conservation and 
on agricultural utilization, is a recent 
development. This practice returns 
to the land as much as possible of the 
organic matter and fertilizing ele- 
ments that have been withdrawn from 
the soil in the harvesting of foodstuff, 
and results in superior growth of field 
crops. The new technique utilizes a 
rate of application over large 
areas of land, integrated with the plan- 
ning of agricultural crops, and 
quires proper maintenance and opera- 
tion of all irrigation and agricultural 
devices. 

While new methods have proved 
workable in the last two decades, there 
are still many problems worthy of 
investigation. It may be possible, for 
example, to inerease the irrigation 
rates in some climates and on certain 
types of soil (governed only by the 
plant demand for moisture). For the 
treatment of sewage from small com- 
munities, it may be possible to combine 
planned irrigation with a new type of 
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septic tank. The technique employed 
at Cologne, Germany, indicates the 
utility of a two-compartment septic 
tank (1). By providing short fer- 
mentation and aeration periods, this 
type of septic tank stabilizes even 
slightly putrified sewage; the effluent 
is suitable for irrigation in close prox- 
imity to human habitations, without 
creating a sanitary hazard or a nuis- 
ance. 


Experience at Leipzig 

The city of Leipzig has been faced 
with an unusually difficult sewage 
treatment problem, as the total flow 
of streams in the region was approxi- 
mately equal only to the volume of 
sewage effluent being discharged into 
the rivers. For this reason, many 
properties formerly not con- 
nected to the municipal sewerage sys- 
tem. In 1935, as a result of a special 
eovernmental act, which enables the 
financing of agricultural utilization of 
sewage, the City Council decided to 
carry out a planned program for land 
treatment of and industrial 
wastes. To accomplish this, the city 
of Leipzig made an agreement with 
a cooperative of farmers (200 respon- 
sible shareholders involving about 
1,600 members) for handling the sew- 
age throughout the year. The average 
flow at that time was 26 mgd. Two 
years after the original agreement, an- 
other cooperative was established; this 
involved the disposal of an additional 
3 m.g.d. of sewage by land irrigation. 

According to its agreement, the city 
is to supply sewage effluent, after pro- 
viding primary treatment, to the high- 
est level of the irrigation plateau. Two 
pumps having a total capacity of 
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FIGURE 1.—Carrier ditch has concret 
lining laid with asphalt joints. 


9,156 cu. yd. per hour discharge the 
sewage into the effluent storage tank 
through a pressure pipe, 3.6 ft. in 
diameter and 8.4 miles in length, to 
an elevation of 125 ft. From this 
point, it is the responsibility of the 
cooperative to distribute the effluent 
over the irrigated land. The system 
of ditches used totals approximately 
220 miles in length (see Figures 1 and 
2), distributing effluent to 57,000 acres 
of irrigated land. 

Five main brooks divide the irriga- 
tion plateau into four irrigation dis- 
tricts. Each district is supplied by 
one principal carrier ditch, 6.5 ft. in 
width and ranging in length up to 40 
miles. For crossing brooks, roads, 
valleys and railroad lines, the effluent 
is conducted through pipes of various 
diameters (from 8-in. to 4.0-ft.) To 
distribute the effluent over farms for 
surface irrigation of grassland, and 
for ridge-and-furrow irrigation of vege- 
tables, 6,000 outlets were planned (see 
Figure 3). In recent years (2), more 


FIGURE 2.—Effluent flow regulation and 
discharge structure in irrigation system. 


and more use has been made of spray 
irrigation methods in which mobile 
pumping and spraying units are em- 
ployed. 


Pretreatment Practices 


Some form of sewage treatment, as 
by plain sedimentation (30 min. de- 
tention) to remove coarse solids, usu- 
ally precedes irrigation. To deliver 
the maximum organic matter to fields, 
comminutors must be employed. Ex- 
perience has shown that complete pri- 
mary treatment may be necessary to 
precede agricultural use of sewage 
effluent. The advantages are: less 
wear on pumps; reduced sludge de- 
posits in ditches and pressure sewers; 
prevention of hydrogen sulfite produe- 


FIGURE 3.—Distribution outlets provided 
for surface irrigation of grassland. 


tion (poisonous to plants); no clog- 
ging of soil by undigested sludge sol- 
ids; and opportunity to rest drainage 
fields if the alternate discharge of efflu- 
ent to a stream is feasible. 

According to data published by 
Reinhold (3), the fertilizing value of 
an average sewage effluent in Berlin 
was approximately the same for pri- 
mary treated as for raw sewage. Sew- 
age effluent following secondary treat- 
ment had lost a substantial part of 
nutrients, as shown in Table I. 

Secondary treatment reduces the 
fertilizing value of the nitrogen con- 
tent of effluents because decomposition 
and removal of suspended nitrogene- 
ous compounds takes place. 
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TABLE I.—Nutrient Values of Sewage 


lotal Total Total 

Sewage Nitrogen| K:O | 

| mg. L mg./l. | meg./l 

Raw, untreated | 66.2 42.1 22,6 

Primary treated 73.3 43.2 | 23.5 
Secondary treated 17.2 37.0 | 17.6 
Drainage water from | 12.7 20.0 8.4 

farm fields | | 


Small communities located near in- 
expensive land sites may find it eco- 
nomically sound to use a simple type of 
open earth sludge digestion basin. Ba- 
sins of this type have been in use in Ger- 
many (Wupper-and-Weisselster-Ver- 
band) for 15 yr. without interruption 
of service. The dimensions of these 
basins are based on providing a ¢a- 
pacity of 4 to 5 cu. ft. per capita of 
contributing population. The digested 
sludge, removed twice each year from 
these basins, can be added to the efflu- 
ent used for irrigation. There is no 
danger of clogging of soil, because the 
organic matter has been converted into 
humus; the nutrients in this form are 
immediately available as plant food. 


Methods of Application 


Where sewage effluent is pumped, 
it is necessary to provide storage ba- 
sins if pumping is to be confined to 
the working hours of the day. Stor- 
age basins are included for that pur- 
pose in several recent installations de- 
signed to apply effluents to the land; 


FIGURE 4.—Dairy waste storage tank. 
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storage tank. 


these installations handle both indus- 
trial wastes (Figure 4) and municipal 
sewage (Figure 5). 

Many installations for the land 
treatment of sewage effluents and indus- 
trial wastes have been established in 
Western Europe. For example, since 
1950 the small state of Bavaria has 
erected 28 new installations, and spent 
a million dollars in that year for the 
support of special pilot plants and 
research facilities. Recent legislation 
provides that a secondary sewage treat- 
ment plant can receive a state subsidy 
only after investigation has shown that 
land treatment is not feasible from 
the technical or economical point of 
view. 

Especially good results are reported 
from the agricultural use of effluent 
for field irrigation at Coesfeld /West- 
falen, a town of 15,000 population 


having a large textile industry. The 
textile processing wastes total 1.2 


m.g.d. and constitute about 45 per cent 
of the total sewage flow. The sewage 
flows through a trash rack, and is 
pumped into a storage tank. The plots 
of land (approx. 240 acres) receiving 
the mixed wastes are used, almost ex- 
clusively, as meadows and pastures 
(4). 
Irrigation methods should’ be 
adapted to local farming practices, 
nature of soil, climatic conditions, 
height of ground-water table, topog- 
raphy, and the type of crops raised. 
There are two principal types of sew- 
age irrigation, the spray system and 
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the broad surface method; in addition 
there are the ridge and furrow sys- 
tem, the flooding method and the sub- 
surface method. 


Spray Irrigation 


The most successful method of using 
effluents for irrigation is the spray 
system, because the effluent is distrib- 
uted uniformly over the land being 
irrigated. Wind sometimes disturbs 
the uniformity of coverage, and lat- 
erals should not be set up so close to 
highways or adjacent property that 
spray can be blown onto them. 

This new technique of sewage utili- 
zation has been developed in Germany 
and in the United States largely 
through the collaboration of equip- 
ment manufacturers and consulting 
engineers. Large revolving spray noz- 
zles, attached to movable pipe lines, 
distribute sewage over the land. By 
this technique, crops are wetted as by 
rain; frequent application of small 
quantities of effluent is used, rather 
than in frequent heavy flooding. There 
are no losses of effluent through per- 
colation in ditches, because the dis- 
tributing system mostly is comprised 
of underground piping. Hydrants are 
established for the connection of mov- 
able pipes, or sometimes portable 
pumps are used for local spraying of 
effluent drawn from ditches (Figures 
6 and 7). 

The cover crop on the disposal area 
is a very important part of the spray 
irrigation system. It has been found 
that the best absorption of effluent, 


FIGURE 6.—Spray irrigation by 
ing movable pipes. 
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FIGURE 7.—Spray irrigation by pumping 
from ditches. 


and the least runoff, is obtained from 
well established pastures or from fields 
covered with dense grasses or clover. 
The choice of cover crop to be used 
depends on geographical location, type 
of soil, and the use to which the irri- 
gation land is put. In Europe favor- 
able results are obtained, especially 
on sandy soils, with red clover, Lu- 
zerne grass and German pasture grass. 

Spraying into grazing areas is hy- 
gienically and economically the best 
means of sewage utilization. Undis- 
turbed natural growth of plants, such 
as grasses, also promote the develop- 
ment of good soil structure with opti- 
mum utilization and percolation rates. 
The spray irrigation system has been 
in continuous service in Western 
Europe for more than two decades, 
and has been entirely satisfactory 
from every viewpoint. Crop yields 
have been increased markedly through 
well-managed irrigation. 

In the United States, the use of efflu- 
ents for spray irrigation of crops is 
rather recent. Spray irrigation of 
milk processing waste was placed in 
operation in several states during the 
last five years. In addition, spray 
irrigation is used as a method of 
disposal for canning and frozen food 
wastes—industries which are seasonal 
in operation. Where conditions are 
suitable, spray irrigation may be the 
most economical and least troublesome 
method for the disposal of many or- 
ganic industrial wastes. 

A recently introduced method 
utilizing plastic pipe, together with 
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plastic tees and plugs, reduces costs 
of spray irrigation over other types 
of installation. The flexibility of the 
plastic pipe allows lateral lines to be 
moved easily from one location to an- 
other. 

The favorable effect of dairy wastes 
applied to crops by spray irrigation 
can even exceed what would be ex- 
pected from corresponding amounts of 
manure or commercial fertilizer. This 
may be due to the stimulating effect 
of polyuronic acids (formed from the 
carbohydrates in the waste) on favor- 
able soil bacteria (5). 

It has been found that 40 in. of 
effluent can be applied to a crop of 
Reed canary grass during the growing 
season. By this application, the plant 
nutrients in the effluent increased the 
crop yield by about one ton per acre 
on a mineral silt loan, and about two 
tons on peat. Drainage water from 
the irrigated soil did not increase the 
coliform index of the nearby creek, 
but did increase its chloride and so- 
dium content (6). 

At Seabrook Farms (7) in New 
Jersey, 3,500 acres are now watered 
by portable-type irrigation using vege- 
table processing effluent. This prac- 
tice solves an industrial waste disposal 
problem, providing a source of water 
for crops and replenishing the ground 
water supply of the processing plant. 


Broad Surface Irrigation 


For broad surface or trench irriga- 
tion, the main carriers usually are 
concrete lined ditches. The minor 


FIGURE 8.—Ridge-and-furrow irrigation 
illustrating even distribution. 
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distributing systems require carefully 
laid out earth channels, with concrete 
lining only where soil is especially 
permeable. It is desirable to distrib- 
ute the effluent uniformly over the 
land being irrigated. If slopes are 
adequate (2 per cent), the effluent is 
flowed over the land from ridge dis- 
tributors in the form of ditches or 
pipes having side outlets. Where 
slopes are flat, the sewage is carried 
from the distributors in furrows. 
Cross ditches are provided to collect 
sewage that has not percolated into the 
ground or that is not held back by 
the crops. The sewage collected by 
cross ditches may be redistributed over 
successively lower areas. 

In order to avoid pools of sewage, 
and consequent irregular growth of 
plants, the grading of land surface 
and furrowing must be carried out 
very accurately. Irregular distribu- 
tion of effluent may result in over- 
irrigation, and may destroy a crop 
in low parts of the land. Suitable 
irrigation rates have previously been 
published (8). 


Ridge-and-furrow System 


A ridge-and-furrow system is gen- 
erally used for the irrigation of vege- 
table crops. As the name implies, the 
system involves a series of parallel 
ridges and furrows. In Europe, the 
ridges are usually 3 to 4 ft. apart 
and 8 to 10 in. high, with furrows 10 
to 12 in. wide and 150 ft. in length. 
If the nature of the soil requires it, an 
underdrain is laid under the center 
of each ridge. Sewage flows along the 
furrows and seeps laterally through 
the ground. The crops, which grow 
on the ridges, are irrigated by the 
sewage in the adjacent furrows. In 
this method of irrigation, the sewage 
does not come in contact with crops. 
Each furrow should receive the same 
amount of sewage, and the grade 
should be such that as much sewage 
is absorbed by the soil at the upper 
end of the furrow as at the lower 
(Figure 8). 
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Flood Irrigation 


Flood irrigation consists of level 
fields surrounded by banks or low 
dykes. The area is alternately flooded 
with effluent and is rested; this method 
assures reaeration of the soil. Under- 
drains are used to carry off the effluent 
and to prevent ground water from 
rising above a certain level. This 
method is at times combined with 
ridge-and-furrow irrigation; the area 
is broken up into a series of beds lying 
between furrows of approximately 
equal surface area. These beds are 
used for raising crops which are not 
wetted directly by sewage. Flood ir- 
rigation is generally employed only as 
an emergency device when the spray 
or surface systems are out of use; 
for example, at night and during win- 
ter periods. 


Drainage 


No satisfactory irrigation is possible 
without drainage, and surplus water 
should not be allowed to accumulate. 
Poorly drained soil may so concentrate 
salts that crops cannot be raised, or an 
abundance of water may cause exces- 
sive leaching of plant food material 
from the soil. The amount of water 
a soil may hold will vary not only 
with the size of soil particles, but also 
with the distance of the water-table 
below the surface, and the frequency 
of rain. 

Land areas that do not naturally 
drain off excess water must be drained 
artificially. Good drainage improves 
the physical condition of the soil, caus- 
ing the retention of a larger amount 
of film water which in dry seasons is 
needed by the growing crops. In 
order to maintain a sufficient oxygen 
supply and to reduce carbon dioxide 
accumulation, the pore space of the 
soil must be kept in contact with the 
atmosphere (Figure 9). 


Subsurface Irrigation 


Subsurface irrigation involves dis- 
tribution of the sewage effluent by 
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FIGURE 9.—Irrigation drainage ditch with 
effluent supply conduit in foreground. 


open joint tile pipe, laid below the 
soil surface. A new type of pipe was 
developed for this purpose by Stein 
(9) and was used in the irrigation 
fields of Delitsch. This pipe is de- 
signed to serve both for irrigation and 
for drainage. The specially manufac- 
tured pipe (‘‘Bitu-Pipe’’) has a solid 
bottom and a porous top. It is pro- 
duced in a manner similar to tile pipe, 
but is somewhat higher in cost than 
clay pipe. It is more resistant to soil 
deterioration, to acid and electrolytic 
corrosion, and even to frost damages. 

This type of pipe makes it possible 
to distribute sewage effluent uniformly 
over the full length of the line. Theo- 
retically the laterals should be set 
level, but practically they are graded 
with a small slope as the pipes also 
serve for drainage. The spacing of 
laterals varies from 3 to 5 ft. in sandy 
soils, to 8 to 10 ft. in silt soil. The 
pipes should be laid not more than 
2 ft. below the surface, because the 
distributed sewage effluent must reach 
the plant root level. This system en- 
ables greater root penetration and ex- 
pansion, and correspondingly increases 
the yield of crops. 


Irrigation Planning 


As sewerage systems and sewage 
treatment are closely related with the 
future development of communities, 
the design for a full scale use of sew- 
age effluents for irrigation should in- 
elude evaluation of agricultural con- 


siderations. It is not always satisfac- 
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tory to collect all the sewage at one 
centrally located primary treatment 
plant. This is especially true in the 
large cities. Frequently it is better to 
consider several smaller treatment 
plants with adjacent irrigation areas. 

Septic conditions often are produced 
in long outfall sewers in which a steady 
or self-cleaning flow is not maintained. 
The use of sewage effluents by 
farmers can be suspended only where 
available receiving streams provide a 
large factor of dilution. At some lo- 
eations lagoon storage can be provided 
to handle the effluent during freezing 
weather. It is desirable to have suffi- 
cient areas of land available for emer- 
gency flooding. 

Competent operation and adequate 
attention to details are essential for 
the successful use of sewage effluents 
in irrigation. A properly designed 
and constructed installation will be 
found to exhibit lower maintenance 
and application costs. Education of 


farm operators in the proper use of 
effluents for irrigation will be required. 
effluent 


spray irrigation during the growth of 


If sewage is supplied by 
agricultural and horticultural crops, 
application should be stopped three 
weeks before Similarly, ir 
rigation should be stopped 10 days 
prior to the use of land for pasturage, 
or before the harvest of grass or cattle 
fodder. 

Areas of land must be available for 
emergency flooding. The proper agri- 


harvest. 
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cultural use of sewage throughout the 
year can be assured only in those in- 
stallations where receiving streams are 
available which provide a large factor 
of dilution. At times lagoon storage 
ean be provided to handle the effluent 
during freezing weather. 


Conclusion 


effluent is available in all 
localities and can be utilized in certain 
areas for irrigation purposes; in wa- 


Sewage 


ter-shortage areas it may be extremely 
valuable. The simple spreading of 
effluent is usually recognized as an 
unsound economic venture (10). Skill- 
fully designed and properly managed 
sewage farming has been operated for 
decades in Europe, and for several 
years in some localities in the south- 
ern areas of the United States, without 
danger to personnel and without creat- 
ing nuisance eonditions. As a new 
science, irrigation with sewage effluent 
is still in the experimental stage and 
many problems need to be solved in 
the fields of bacteriology, biology, hy- 
giene, soil structure and the physiol- 
ogy of plants. Special pilot and re- 
search installations should be planned 
to study irrigation with sewage efflu- 
ents and industrial wastes. Universi- 
ties and research institutions could 
solve the scientific problems and de- 
velop the effective ways for 
irrigation and the recharge of ground 
water aquifers. 


most 
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CONFERENCE OF STATE AND INTERSTATE WATER 
POLLUTION CONTROL ADMINISTRATORS 


An important feature of the Federa- 
tion’s Annual Meetings is the opportu- 
nity for committees—both official and 
unofficial—to schedule meetings for 
business and general discussion. Much 
work of interest to the profession is ear- 
ried on at this time. Among such note- 
worthy meetings was the Conference of 
State and Interstate Water Pollution 
Control Administrators on October 11, 
1955. The meeting was attended by 
more than 50 persons from 28 states, 5 
interstate agencies and 7 other groups. 

The expressed purpose of this con- 
ference was to clarify the opinions of 
the water pollution control agencies 
concerning 8. 890 * and, if possible, to 
arrive at a mutually acceptable posi- 
tion concerning this bill before it comes 
up for action at the 1956 session of 
Congress. The Conference took the 
following action on the several sections 
of the bill. 


Sections 1 through 4 inelusive (Dee- 
laration of National Policy) were ac- 
ceptable. 

Section 5 (Grants-in-aid) There was 
a divergence of opinion on the advis- 
ability of such financial aid for ad- 
ministrative purposes; there appeared 
to be general acceptance of grants for 
research purposes. By a 16 to 7 vote, 
the majority agreed that the principle 


*A bill before Congress of the United 
States to extend and strengthen the Water 
Pollution Control Act. 


of grants-in-aid should be left in the 
bill. 

Sectior 6 ‘Water Pollution Control 
Advisory Board) It was recommended 
that the number of state and interstate 
representatives at least equal those of 
the federai agencies. 

Section 7 (Enforcement Measures) 
i‘our amendments were approved. 


1. Provide a 90-day cooling off pe- 
riod when the Surgeon General 
finds there is cause of water pollu- 
tion and before there is action 
taken. Give interstate agencies a 
chance to rectify the situation. 

2. An additional 90 days should 
be allowed for consummating the 
control. 

3. That if a state or interstate 
agency has issued an order before 
the Surgeon General does for the 
control of water pollution, no ac- 
tion shall be taken by the Surgeon 
General to enforce his later order 
until there has been opportunity 
for compliance with such state or 
interstate order. 

4. If state or interstate action to 
control such pollution is plain, 
speedy and efficient, the Attorney 
General shall not take action un- 
til the state or interstate case is 
disposed of, 


Sections 8, 9, 10, 11 and 12 (Ad- 
ministration, Definitions, Other Au- 
thority, Separability, Short Title) were 
accepted. 
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GARBAGE GRINDER EXPERIENCES, JASPER, 
INDIANA * 


By Frank D. WraicHt 


Chief, Sewage Disposal Section, Indiana State Board of Health, Indianapolis, Ind. 


The City of Jasper has a population 
of approximately 6,200 and is located 
in the southeast section of Indiana on 
the Patoka River. During prolonged 
dry periods, there is no flow of water 
in the Patoka River except that which 
is discharged from the sewage treat- 
ment plant. Most of the factories are 
dry industries with the exception of a 
poultry packing plant. Over 92 per 
cent of the residents own their homes 
which was one of the factors that 
made practical, community-wide instal- 
lation of household garbage grinders 
In 1949, Jasper was faced with 
abating pollution of the Patoka River 
and also finding a suitable method of 
disposing of garbage. 

Because the garbage grinder would 


eliminate the garbage can and make 


possible a sanitary means of disposal 
at a reasonable cost, it was decided to 
proceed with the community-wide in- 
stallation of the grinders and to con- 
struct a Sewage Treatment Plant de- 
signed to treat the waste from such 


installations. The Indiana State Leg- 
islature enacted a bill permitting the 
issuance of revenue bonds for the pur- 
pose of installing household garbage 
grinders and providing the municipal 
ity with authority to establish such 
a project. 

In March, 1950, the installation of 
varbage grinders was started and on 
August first there were approximately 
730 grinders installed and garbage col- 
lection At the present time 
there are approximately 1,000 garbage 


ceased. 


* Presented at 1955 Annual Meeting, Cen- 
tral States Sewage and Industrial Wastes 
Assn.; Rochester, Minn.; June 22-24, 1955. 


grinders installed and practically all 
new houses are so equipped. 

Inasmuch as there was no precedent 
for the design of the treat- 
ment facilities, it was necessary to 
make some _ speculative estimates. 
Units which are affected principally 
by volume of flow were not increased 
over conventional design. The aera- 
tion tanks were increased by 50 per 
cent; the digester capacity was in- 
creased by 57 per cent; and the sludge 
drying bed area was increased by 60 
per cent. 

Table I shows how the average data 
for 1954 compares with the basis of 
design as well as the capacities of cer- 
tain treatment plant units. The actual 
average flow is less than one-half the 
design flow and the population is a 
little more than one-half the 
population. 

Originally a 500 ¢e.f.m. blower pow- 
ered by a dual fuel gas-gasoline en- 
gine and an electrically driven 500 


sewage 


desien 


TABLE I.—Comparison of Operating 
and Design Data 


Data 


Operating 
Design P1984) 
Population 
Flows (m.g.d.) 1.0 
Grit chamber 
Comminutor 
Sewage pumps [4] (g.p.m.) 2,200 
Raw sludge pump (g.p.m.) 100 
Return sludge pumps [2] (g.p.m.) 350 
Primary settling tanks [2] (surface 

rate, gal./sq. ft./day) 1,040 
Aeration tanks [3] (detention time, 

hr.) 7.8 
1,000 


10,500 | 6,200 
0.460 


Blowers [3] (c.f.m.) 

Final settling tanks [2] 
rate, gal./sq. ft./day) 750 

Digesters [2] (cu. ft./capita) 

Sludge drying beds [8] (sq. ft./ 
capita) 


(surface 


4 

} 

| 

- | 345 

6) 10.8 

5.0 
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COMMUNITY GARBAGE GRINDER USE 


TABLE Il.—Effect of the Increasing Number 
of Grinders on B.O.D. and Suspended Solids 


Susp. 
Grind Flow! B.O.D. B.O.D. H 
(m.g.d.) (p.p.m.) (Ib.) 
0 0.407 151 510 114 
850 0.502? 387 1,620 420 
1,000 0.446 392 1,460 392 


1 Average flow. 
? Increased flow due to rain. 


c.f.m. blower were installed. The gas 
engine was operated on gasoline, as 
sludge gas was insufficient. As there 
were times during which the blowers 
were inadequate, the gas engine and 
blower were replaced with an electric 
motor and blower to make an addi- 
tional 1,000 ¢.f.m. of air available at 
all times. This has solved the air 
supply problem. 

Table II shows the effect of the num- 
ber of garbage grinders on the B.O.D. 
and suspended solids of the raw sew- 
age. Even though there were 150 more 
grinders in 1954 than in 1951, the 
total pounds of B.O.D. and suspended 
solids were slightly less. This is prob- 
ably due to the fact that intense rain 
occurred during the 1951 survey and 
the solids which had accumulated in 
the lateral sewers were flushed out 


during the rain. 

There was a significant increase in 
the raw sewage B.O.D. and suspended 
solids as a result of the increased use 
of residential garbage grinders (Table 
IIT). 


No attempt has been made to 


TABLE III.—Per Capita Waste Discharge 
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calculate a value which would show 
the per capita ecentribution of ground 
garbage. The data collected in wet 
weather indicates a flushing of de- 
posits from the sewers. 

The following treatment efficiency 
averages for 1954 indicate the satis- 
factory results obtained: 


Per Cent Removal 
Item iz 
Primary Over-all 
Treatment Treatment 
B.O.D. 33 93.2 
Susp. Solids 67.7 97.1 


A comparatively high removal of sus- 
pended solids was particularly grati- 
fying. 

Table IV indicates the daily varia- 
tion in mixed liquor dissolved oxygen. 
Usual operation requires that only the 
1,000 ¢c.f.m. blower be operated during 
the weekend with the addition of the 
500 ¢.f.m. blower during the week. 
This operation has maintained the dis- 
solved oxygen content within reason- 
able limits. 

Prior to May, 1955 all three aerators 
were in use. Based on aerator volume 
the pounds of B.O.D. removed per 
thousand cubic feet was rather low, 
approximately 16 lb. per 1,000 ecu. ft. 
Since the first part of May, 1955, 
only two aerators have been in use 
with no apparent loss in the over-all 
removal of B.O.D. and suspended sol- 
ids. Mixed liquor solids average 2,500 


Grinders 


Determination 
(Ib. per day per capita) 


(no.) 


B.O.D, 


Susp. 


Total Vol. 
Solids 


Solids 


0.19 
0.20 


0.34 
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Total Susp. Vol. Bae: 
1950 
Mar. 80 0.12 0.39 0.18 O14 
a Oct. 785 0.18 0.41 0.26 0.16 ae 
1951 
May 850 0.31 0.88 0.59 0.29 
: 1954 
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p.p.m., which is higher than carried 
previously. During this same month 
23.5 lb. of B.O.D. were removed per 
1,000 cu. ft. of aerator tank volume. 

Unfortunately, few data are avail- 
able which would indicate the quan- 
tity and quality of the sludge pumped 
to the digester. However, based on 
the suspended solids removed and 
allowing a 20 per cent loss in the sec- 
ondary process, it has been calculated 
that 1 lb. of solids produces from 8 to 
10 cu. ft. of gas. 

After treatment plant operation be- 
gan, it was discovered that it was im 


possible to use both return sludge 


pumps and maintain the desired solids 
concentration in the mixed liquor. The 
inability to return sludge was due to 
the fact that the sludge division box 
was installed at a lower elevation than 
specified in the design, resulting in a 
in the return sludge sys- 


bottleneck 


2000 = 


1500 = 


Mixed Liquor Solids (ppm) 
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tem. The box was raised approxi- 
mately 3 ft. solving this problem. 
The sludge index and mixed liquor 
solids curves (Figure 1) illustrate the 
conditions existing prior to raising the 
division box. These curves are based 
on Professor Bloodgood’s statement 
that the sludge index converted to 


TABLE IV.—Daily Variations 
in Dissolved Oxygen 


Dissolved Oxygen (p.p.m.) 
Days 

Min. Av. Max 
Mon 1.1 1.2 1.6 
Tue. 1.4 2.3 3.3 
Wed. 1.3 2.9 4.7 
Thurs 1.1 1.6 3.6 
Fri. 1.1 2.1 4.3 
Sat. | 1.4 2.6 3.6 
Sun.! 


' No determinations made. 
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FIGURE 1.—Sludge index and mixed liquor solids prior to increasing the return 
sludge volume. 


7 8 9 1011Y 13 Wy 16171819 202 23 A 26 27 2B 


February, 1952 


« 

Bye 

| 

= 

1 


Vol. 28, No. 1 COMMUNITY GARBAGE GRINDER USE 47 
2000 + 
1500 4 
. Mixed Liquor Solids (ppm) 
: 1000 4 
= 
10000 4 
4 Sludge Index (ppm) 
5000 4 
4 
7 Return Sludge Concentration (ppm) 
1000 


CSTE YHA 2348 627 


February , 1954 


FIGURE 2.—Sludge index and mixed liquor solids after increasing the return 
sludge volume. 


parts per million should be equal to 
or higher than the return sludge con- 
centration. During this period of op- 
eration, considerable difficulty was oc- 
easionally encountered in producing a 
settleable sludge. 

After eliminating the return sludge 
bottleneck, it was possible to operate 
under the conditions shown in Figure 
2. The mixed liquor solids increased 
toward 2,000 p.p.m. and the sludge 
index improved. 


Sewer System 


The Jasper sewer system contains 
approximately 15 miles of combined 
and sanitary sewers. New sewers are 
designed for sanitary flow. However, 
the original system, which was con- 
structed in 1910 and expanded after 
1925, is a combined system. Grades 
vary from 0.16 per cent for the 12-in. 
trunk sewers to 7.25 per cent on the 
6-in. lateral sewers. Considerable 
building is now taking place north and 


east of the city, and a large area re- 
cently has been annexed which will 
add several hundred residences to the 
sewer system. 

Before the garbage grinder project 
was initiated several manholes were 
selected as check points to observe the 
sewer outlets from various sections of 
the city. The purpose was to deter- 
mine whether or not sludge deposits 
would increase with an increase in 
garbage grinders. 

A recent inspection of the outlet of 
an 8-in. sewer on a .61 per cent grade, 
with a theoretical velocity of 2.5 ft. 
per second flowing full, revealed no 
excessive sludge deposits. Originally 
there were 49 garbage grinders on this 
lateral; now there are 70 to 80 units. 
Principal sewer maintenance problems 
are tree roots and infiltration. 


Summary and Conclusion 


1. Air requirements per pound of 
B.O.D. removed are more than were 
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anticipated in the original design, 
which was 1.4 ecu. ft. per gallon of 
sewage. 

2. The increase in the number of 
garbage grinders produced a noticeable 
increase in B.O.D., suspended solids 
content and volatiles. Data collected 
in wet weather indicates deposits have 
collected in the sewer system but are 
readily flushed out during a rain. 

3. B.O.D. removals are not excep- 
tional; however, the percentage of sus- 
pended solids removed in the primary 
settling tanks is good. 

4. With the addition of a 500 c.f.m. 
blower it was possible to maintain a 
reasonable D.O. content in the aerators 
at all times. It now appears possible 
to operate effectively using only two 
aerators. 

5. Gas production is considerably 
higher than found in sewage treat- 
ment plants not handling garbage. In 
many cases it may be 80 per cent 
higher. 
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6. Sludge deposits in the sewer sys- 
tem are not a problem. 


The system of community-wide in- 
stallation of garbage grinders has pro- 
vided a sanitary means of garbage dis- 
posal for Jasper and has been a big 
step in improving the general sani- 
tation in the city. This system is not 
considered the ultimate in garbage dis- 
posal because it would be difficult if 
not impractical for some cities. The 
job of disposing of trash remains and 
this can create a sanitation problem 
in itself. 

After five years of operation it can 
be stated that the disposal of garbage 
by the community-wide installation of 
garbage grinders has been successful 
for Jasper. The system has had cer- 
tain operating problems; however, they 
have been little different from those 
encountered at any activated sludge 
sewage treatment plant. 


AMERICAN SANITARY ENGINEERING INTERSOCIETY BOARD 


The certification plan for sanitary 
engineers recently became an incorpo- 


rated entity. The American Sanitary 
Engineering Intersociety Board has 
been organized and incorporated ‘‘to 
improve the practice, elevate the stand- 
ards and advance the cause of sanitary 
engineering ; to grant and issue to engi- 
neers, duly licensed by law to practice 
engineering, certificates of special 
knowledge in sanitary engineering or 
in any field thereof.’’ 

The new group has been authorized 
and underwritten by the American So- 
ciety of Civil Engineers. Organizers 
of the Board included representatives 
of the American Society of Engineer- 
ing Education, American Society of 
Civil Engineers, American Public 


Health Association, American Water 
Works Association and the Federation 
of Sewage and Industrial Wastes As- 
sociations. A headquarters has been 
opened in the Engineering Societies 
Building, 33 West 39th St., New York 
City. Officers of the Board are: Pro- 
fessor Earnest Boyce, Chairman; W. 
A. Hardenbergh, Vice-Chairman; R. 
S. Rankin, Treasurer, and Francis B. 
Elder, Secretary. 

First step will be the development of 
the certification process by a special 
committee under the chairmanship of 
R. F. Faust, AWWA. Invitations to 
membership will be offered to mechan- 
ical and chemical engineers with appro- 
priate experience, in addition to mem- 
bers of the civil engineering profession. 
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Industrial Wastes 


SOLVING A LARGE-SCALE WASTE PROBLEM AT 
APPLIANCE PARK * 


By Kennets Watson C. M. Fair 


Consultant, Water Management and Waste Control, Schenectady, N. Y. and Supervisor, 
Water and Chemical Wastes Treatment, Louisville, Ky., respectively, 
General Electric Company 


Major appliances of General Elec- 
tric Company were being manufac- 
tured in a number of plants in various 
part of the country when the de- 
cision was reached in 1949 to con- 
solidate the manufacturing operations 
in a single new plant to be located in 
Louisville, Kentucky. Consistent with 
the usual policy of the company, it 
was agreed that approved waste treat- 
ment would be provided as a part of 
the new plant. 

The new plant, which is the third 
General Electric facility to be located 
on a park-like campus, is called Ap- 
pliance Park. Construction was 
started in September, 1951 and at 
present five major buildings contain- 
ing about 3,700,000 sq. ft. of floor space 
have been virtually completed. A sixth 
major building which will contain 
about 300,000 sq. ft. of additional floor 
space has recently been authorized. 
Figure 1 is an aerial photograph of 
the plant site which covers almost 
1,000 acres. 

For the purposes of this paper the 
discussion of waste facilities is broken 
down into the definition of the prob- 
lem, the collection system, the waste 
treatment plant, and the general costs 
involved in constructing and operat- 
ing these treatment facilities. 


* Presented at 28th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; Atlantic City, N. J.; Oct. 10-13, 
1955. 
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Defining the Waste Problem 


When the building of a new manu- 
facturing plant was planned, a pro- 
gram was launched to determine the 
quantity and character of the wastes 
leaving each appliance msnufacturing 
operation scheduled to be moved to 
Louisville. Study also was made of 
the amount of water being used in 
these operations and the possibility of 
using water management to reduce wa- 
ter requirements and the volume of 
waste which would need to be 
treated. Finally, the various loads ob- 
tained were totaled and adjusted to 
eover the increased production ca- 
pacity anticipated at the new plant. 

After the decision had been reached 
that pretreated wastes from the plant 
would be discharged into the Louis- 
ville Metropolitan Sewer System, a se- 
ries of conferences were held with 
Metropolitan Commission and Ken- 
tucky Department of Health officials. 
As a result of these conferences agree- 
ment was ultimateiy reached concern- 
ing the concentration limits which the 
wastes should meet prior to discharge 
into the Metropolitan Sanitary Dis- 
trict. 

In considering waste treatment for 
this plant, treatment facilities were 
planned with maximum flexibility. 
This philosophy seemed sound since 
the definition of the waste load to be 
expected was so complicated that the 
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FIGURE 1.—Principal manufacturing buildings at Appliance Park, General Electric 
Company, Louisville, Ky. 


final result could not be completely 
accurate. It also appeared that in 
connection with the provision of sani- 
tary sewage treatment facilities for the 
Metropolitan Sanitary District, the in- 
dustrial waste requirements might be 
modified. For these reasons, a plant 
with sufficient flexibility to meet chang- 
ing requirements appeared necessary. 

The industrial wastes at Appliance 
Park originate in the pickling, plat- 
ing, bonderizing, anodizing and other 
metal finishing operations. The sur 
vey work on the magnitude and scope 
of the waste problem to be expected 
indicated that sufficient acid, cyanide 
and chromium would be discharged 
from these metal finishing operations 
to require treatment for each type of 
wastes. Furthermore, it was apparent 
that there would not be enough metal 
ions with the exception of chromium 
to cause any problem. 


From the results of the problem 
definition survey, it was decided to 
design the treatment plant for con- 
tinuous operation. It was decided 
further to make maximum use of the 
holding and equalization capacity of 
the waste collection system and to keep 
the detention time of the receiving 
tank to less than one hour. 

The next decision was to design the 
treatment plant to handle 60 per cent 
of the estimated ultimate volume. The 
plant was to be constructed with 
parallel tanks so that other treatment 
units could be added if the ultimate 
waste load exceeded the reduced vol- 
ume for which the plant was designed. 

Another reason for cutting the in- 
itial capacity of the waste treatment 
plant was that water conservation or 
management was being incorporated 
into the new plant in the form of a 
mill water recirculation system. This 
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mill water system (Figure 2) consists 
of a spray pond and the necessary 
pumps so the cooling water at the 
park can be used repeatedly. This 
system was installed to provide fire 
protection and to reduce city water 
requirements, thereby keeping costs 
and the volume of industrial wastes to 
a minimum. 


Collection Systems 


There are a total of seven types of 
sewers at Appliance Park handling 
sanitary sewage, storm water, combi- 
nation storm water and mill water 
return, oily wastes, acid and alkali 
rinse water, chromium rinse waste 
and cyanide rinse waste. The waste 
collection system (Figure 3) compris- 
ing the last three sewers listed conveys 
the wastes to the industrial waste 
treatment plant. The manufacturing 
buildings are underlaid alternately at 
40-ft. intervals with combination storm 
and mill water return sewers and acid- 
alkali rinse waste drains. Sanitary 
and oily waste sewers have been in- 
stalled only where needed at specific 
points. Chrome and cyanide rinse 
wastes sumps have been spotted at 
points of waste production. The latter 
wastes are then pumped through over- 
head lines into covered basins outside 
the buildings, from which flow is by 
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separate underground gravity lines to 
the industrial waste treatment plant. 

There are about 39 miles of sewer 
lines consisting of 15 miles for storm 
and mill water return, 7 miles for 
sanitary purposes and 17 miles for 
industrial waste uses. All sewer lines, 
except storm sewers, are vitrified tile. 
The lines carrying industrial wastes 
have been jointed with acid proof 
mastic. Acid-alkali rinse waste mains 
are 36 in. in diameter. Storm sewer 
mains are 2- to 9-ft. diameter rein- 
forced concrete. 

Other waste collection facilities, par- 
ticularly for handling spent pickling 
acids, have been provided in addition 
to the sewers mentioned. Acid holding 
tanks are available at various points 
from which spent acids can be equal- 
ized into the acid-alkali line or used 
for water conditioning in the mill wa- 
ter system. A 2,500 gal. saran-lined 
steel tank trailer is also available to 
receive spent acid from process tanks 
situated near an outside wall of a 
building, or from a holding tank. The 
acid pumped into the tank trailer is 
hauled to the treatment plant where 
it is placed in a holding tank to be 
used for waste treatment purposes. 

The wastes collection system is 
somewhat unique because it serves a 
‘*park’’ type plant. Since the wastes 


FIGURE 2.—Mill water reservoirs and pump house utilized in the water 
management program. 
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EFF. TREATMENT 
PLANT 


| | SEWER METER 
| HOUSE 


TO METROPOLITAN 
SEWER 


from the entire park are treated in a 
common waste treatment plant, the 
sewer lengths in the collection system 
are much longer than is the case with 
many factories. 


The Treatment Plant 


The principle of waste treatment 
conceived and built into this manu- 
facturing plant is that of first con- 
ditioning the separate rinse waters 
carrying acids and alkalies, cyanides 
and chromium. Following this step, 
all three types of wastes are combined 
in a final equalization and adjustment 
basin before being discharged to the 
sanitary district sewer. Figure 4 is 
a flow diagram of the treatment 
plant processes. In order to furnish 
a more complete description of the 
equipment and treatment in each proc- 
ess, each treatment line will be con- 
sidered in some detail. 


Acids and Alkalies 


The acid-alkali wastes total about 
3.7 m.g.d. and flow into a 50,000 gal. 
receiving tank at the treatment plant. 
This storage capacity can be increased 
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FIGURE 3.—Schematic layout of the industrial wastes collection system. 


to about 150,000 gal. by flooding the 
influent sewers to the overflow level 
of the holding tank. The tank has a 
plastic lining and an acid brick bot- 
tom. 

Four 1,100 g.p.m. pumps take suc- 
tion from this receiving tank and dis- 
charge through an 18-in. saran-lined 
header to a 20,800-gal. waste mix ba- 
sin. Lime slurry, as a general rule, or 
occasionally acid is added in this basin 
to neutralize the rinse water. The 
neutralized waste then flows to a final 
equalization basin prior to discharge 
to the interceptor sewer of the sani- 
tary district. 

Hydrated lime is fed in slurry form 
to the agitated neutralization basin at 
an average rate of 3,000 lb. per day, 
using two 300 lb. per hour feeders. 
The rinse water has an average pH 
slightly below 3 when received at the 
treatment plant and is raised by the 
neutralization operation to a pH of 6. 


Cyanide Rinses 


The cyanide rinse water, amounting 
to 128,000 g.p.d. (Table I), has a cya- 
nide concentration between 10 and 222 
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TABLE I.—Volume of Wastes by Type, 
Jan.-June, 1955 


Volume (g.p.d.) 
Wastes 


Average | Maximum Minimum 


Acid-alkaline rinse 
Chromium rinse 56,400 
Cyanide rinse 128,600 
Total industrial waste] 3,071,000 
Sanitary sewage 295,000 
Total wastes 3,366,000 


2,886,000 | 4,087,000 
97,000 
239,000 


4,388,000 
356,000 
4,744,000 


1,564,000 
15,000 
43,000 

1,623,000 


256,000 
1,879,000 


p.p.m. This flow is received in a 5,000 
gal. holding tank at the waste treat- 
ment plant from which it is pumped 
into the first of three 20,000-gal. treat- 
ment basins in series. Caustic soda 
and chlorine are fed into these agi- 
tated reaction tanks to raise the pH 
to 10 to 10.5 and oxidize the cyanide. 

It requires about 400 Ib. of chlorine 
per day to do the oxidation job. This 
represents the feeding of chlorine on 
the basis of about 7 lb. of chlorine to 
1 lb. of cyanide radical. Cyanide 
sludges from heat treatment opera- 
tions or plating tank cleaning are 
sometimes hauled to the treatment 
plant and slowly fed into the system. 


STORAGE TANKS 


APPLIANCE PARK WASTES 


53 


Chromium Rinses 


The rinse water from the chromium 
system averages about 56,000 g.p.d. 
It has a hexavalent chromium concen- 
tration ranging between 2.2 and 64 
p.p.m. and flows into a 5,000 gal. acid 
proofed holding basin. This rinse 
water then is pumped into a 17,000 
gal. acid proofed reaction tank where 
waste acid is added to reduce the pH 
to 3. Sulfur dioxide, in the ratio of 
1 lb. of gas to 1 lb. of chromium, is 
then fed from a 500 lb. per day feeder 
to reduce the chromium to the tri- 
valent form. 

It has been necessary thus far to 
treat the chromium wastes only oc- 
easionally as a result of lower concen- 
trations and smaller volumes than 
originally anticipated. As a result 
of the recent expansion in the existing 
manufacturing operations and the ad- 
dition of new ones an increase in the 
chromium load can be anticipated in 
the near future. 


Common Facilities 


In addition to the items already con- 
sidered for handling the three types 
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FIGURE 4.—Flow diagram of the industrial waste treatment plant, General Electric 
Company, Louisville, Ky. 
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FIGURE 5.—Industrial waste treatment facilities. 


of industrial wastes, a number of fa- 
cilities have been provided at the waste 
treatment plant to facilitate the treat- 


ment of all the wastes. Figure 5 is an 
aerial photograph showing the waste 
treatment building and the treatment 
tanks clustered around it. These units 
include the cyanide and chromium 
treatment systems, the equalization ba- 
sin, and the flow recorder for the 
parshall flume. The waste treatment 
building houses the office, laboratory, 
control panel and chemical feeders on 
the main floor. The pipe gallery is 
in the basement and the pump room in 
the sub-basement. 

Reference has already been made to 
the equalization basin. This is a cir- 
cular, concrete, 60-ft. diameter basin 
of approximately 250,000 gal. capacity. 
This unit has a center agitator and a 
conical shaped bottom. The waste is 
introduced into the basin through an 
underground pipe that discharges at 
the center of the basin where it flows 
radially to the overflow weir at the 
periphery. An interesting feature of 
this basin is that it can be readily 
modified into a clarifier to remove 


solids should this step become neces- 
sary. 

As mentioned previously, all the in- 
dustrial wastes are combined in this 
basin where the final pH or other 
adjustments can be accomplished. 


Controls and Instrumentation 


A rather extensive system of con- 
trols and instrumentation has been 
provided for this plant since operation 
is continuous and equalization ahead 
of the plant has been kept to an abso- 
lute minimum. The control panel for 
the plant is located at one end of the 
laboratory. This panel contains indi- 
eating, recording and controlling pH 
and oxidation-reduction meters. It 
also contains pump and _ agitator 
switches, running lights and alarm 
lights and bells. By means of air 
signals, the controlling pH and redox 
meters open and close pressure 
switches and diaphragm valves which 
start and stop lime and gas feeders and 
control the feeding of acid and alkali 
solutions. 

Aorta type samplers have also been 
provided which are automatic and pro- 
portioned by flow meters. The chlo- 
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rine and sulfur dioxide drum scales 
are equipped with recorders for 
weight loss records. Caustic and spent 
acid solutions are proportioned by 
automatic valves from head tanks filled 
by float switch controlled pumps. 


Operation and Results 


Since the waste treatment plant is 
of the continuous type with minimum 
holding capacity before treatment, it 
is operated on a 21-hr. day. Two men, 
a treatment plant operator, and a lab- 
oratory technician are on duty during 
each operating shift. In addition, a 
maintenance man is on duty during 
the day shift. Since the factory nor- 
mally operates two shifts, the treat- 
ment plant is kept in operation for 21 
hr. by staggering the reporting times 
of the personnel. A schedule of con- 
tinuous sampling and analyzing is 
maintained to insure that the treat- 
ment plant is operating properly. As 
a further duty the mill, boiler and 
condensate waters are analyzed, and 
control determinations are made on 
the coal delivered to the manufactur- 
ing plant. Continuous records are 
kept of the operation of the waste 
treatment plant and the chemicals re- 
quired in the treatment processes. 

The supervisor has overall responsi- 
bility for the operation of the treat- 
ment plant. In addition, he is respon- 
sible for a plant-wide waste control 
and water management program. In 
this program the supervisor and the 
other personnel spend considerable 
time on educating manufacturing per- 
sonnel on the part they must play in 
making waste control and treatment 
operations function properly. 

An evaluation cf the type of wastes 
which the plant will deliver indicates 
that it is doing a completely satisfac- 
tory job. Table II shows the concen- 
tration of various materials in a com- 
posite of the treatment plant effluent. 
The average hexavalent chromium con- 
centration in the effluent is 0.78 p.p.m. 
and the cyanide is 0.19 p.p.m. A brief 
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TABLE I1.—Effiuent Analysis, 
Jan.-June, 1955 


Determination Average | Maximum | Minimum 
pH 7.34 9.4 3.2! 
Chromium (Hex) 

(p.p.m. 0.78 3.05 0 
Chromium (total) 

-p.m. 1.64 9.00? 0.07 
Cyanide (p.p.m.) 0.19 15.08 0 
Iron (p.p.m.) 13.88 28.6 1.0 
Copper (p.p.m.) 0.83 4.424 0.08 
Susp. solids 

198.3 487.0 25.0 

issol. solids 

.) 598.8 1309.0 396.0 
Total solids 

p.m.) 766.8 1510.0 564.0 
Chlorine demand 

(p.p.m.) 4.0 6.0 15 


1 Less than pH 5.5 only once. 
? Above 5.0 p.p.m. only twice. 
* Above 2.0 p.p.m. only once. 
* Above 3.0 p.p.m. only once. 


review of Table II will indicate that 
the effluent being discharged by the 
treatment plant should be acceptable 
to most municipal sewer systems. 

Considerable quantities of chemicals 
are required in the operation of the 
treatment plant. Table III lists the 
quantities consumed for the first six 
months of 1955. Lime (186 tons) and 
chlorine (30 tons) are the principal 
chemicals used. 

The operation of the waste treat- 
ment plant over the 18-month period 
since its completion indicates that it is 
doing the job for which it was de- 
signed. The treatment plant has 
reached the design capacity of 4.5 
m.g.d. as shown by the flow volumes 
in Table I. Since some additional con- 
struction and expanded production of 
manufacturing facilities is contem- 
plated, an increase in waste load of 
perhaps 20 per cent is expected by 


TABLE III.—Chemicals Consumed, 
Jan.-June, 1955 


7 Monthly 
Chemicals 
Lime 62,100 | 373,000 
Caustic soda 7,633 | 45,976 
Chlorine 10,093 | 60,558 
Calcium hypochlorite 617 3,700 | 
Sulfur dioxide 64 384 
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TABLE IV.—Waste Treatment Plant 
Operating Costs,* Jan.-June, 1955 


Item Costs Per Cent 


Payroll 

Chemicals 

Supplies and Services 
Depreciation and Taxes 


$16,564 25 
11,905 
5,232 
32,328 


Total 66,029 


* Wastes treated, 441 mg. at $0.15 per 
1,000 gal. 


the end of 1956. To meet this ex- 
panded load one additional acid-alkali 
pump is now on order and additional 
parallel basins are contemplated. 

Operating personnel now have ac- 
quired sufficient actual experience to 
operate the plant on a completely 
sound basis and effort is being made 
continuously to improve operating 
processes and efficiencies. Among the 
improvements considered are: ion ex- 
change recovery of chromium, more 
economical neutralization chemicals, 
more economical chemical handling 
systems and an increase in efficiency 
in the treatment of cyanides. In addi- 
tion to the improvements already men- 
tioned, the possibility of re-using the 
effluent from the waste treatment plant 
is also under consideration. 


Installation and Operating Costs 


The total cost of the waste treat- 
ment facilities exclusive of the collec- 
tion system is approximately $900,000. 
At the present capacity of 4.5 m.g.d. 
the installation cost amounts to almost 
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$200,000 per million gallons of daily 
eapacity. As a result of the flexibility 
concept employed in the design and 
construction of the treatment plant, it 
is believed that the capacity of the 
plant can be increased to 7 m.g.d with- 
out excessive additional costs. If this 
is done the expanded plant would have 
a cost of approximately $135,000 per 
million gallons of daily capacity. 

The operating costs for the first six 
months of 1955 amounted to $66,029 
and are summarized in Table IV. Al- 
most one-half the operating cost is in 
depreciation and taxes and the re- 
mainder is equally distributed between 
payroll, supplies and services. 

Table V shows the cost per 1,000 gal. 
for treating each of the industrial 
wastes. It is interesting to note that 
the cost of treating the total waste 
is about $0.15 per 1,000 gals. The 
wastes vary in treatment costs per 
1,000 gal. as follows: $0.106 for 
acid-alkali wastes; $0.90 for cyanide 
rinses; and $0.41 for chromium rinses. 


Summary and Conclusions 


As a result of being able to look 
in retrospect at a period of four years 
since waste treatment was first con- 
sidered for Appliance Park and a pe- 
riod of 18 months of actual waste 
treatment experience, conclusions can 
be drawn as follows: 


1. The industrial waste treatment 
plant at Appliance Park, during its 18 
months of operation has treated the 


TABLE V.—Volume and Treatment Costs for Each Type of Waste, Jan.-June, 1955 


Volume 
Waste 


Treatment Costs! 


Gal. per day 


Per Cent 


$ (6 mos.) Per Cent 


Acid-alkaline rinses 
Chromium rinses 56,400 
Cyanide rinses 128,600 
Spent acids 


2,886,000 


Total (average) 3,071,000 


43,000 65 
3,300 5 
16,500 25 
3,229 5 


66,029 


1 Estimated. 
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complex metal finishing wastes in such 
a manner and to such a degree as to 
discharge a satisfactory effluent into 
the Metropolitan District Sewer Sys- 
tem. Familiarity with operations con- 
templated at Appliance Park indicates 
that the treatment facilities are suffi- 
ciently flexible so that they will be 
adequate with minor additions to do a 
completely satisfactory job for a long 
time to come. 

2. The success of the procedure used 
at Louisville of early consultation with 
representatives of the Metropolitan 
Commission and the State Department 
of Health concerning the degree of 
treatment desirable for this new manu- 
facturing facility attests to the fact 
that such a cooperative approach to the 
problem is the best one. 

3. Experience with the waste treat- 
ment problem to date at Louisville in- 
dicates that the procedure of reducing 
the volume of wastes by water manage- 
ment and of providing a minimum 
functional plant which can be ex- 


panded or modified readily to corre- 
spond to the waste load is a sound 
approach for a manufacturing facil- 
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ity as large and complex as Appliance 
Park. 

4. The waste treatment plant at 
Louisville had an installation cost of 
approximately $900,000. With an avy- 
erage waste load of 3.071 m.g.d., typi- 
cal of operations during the first half 
of 1955, the treatment facilities would 
have an operating cost of $132,000 per 
year. 

5. The installation and operating 
costs of the waste treatment facilities 
indicate again that all reasonable ef- 
fort to reduce the waste treatment 
problem by steps short of treatment is 
justified since the capital investment 
and operating costs must be passed 
along through increased product prices 
to purchasers of the product manu- 
factured. 

6. The collection system at Appli- 
ance Park is longer and more complex 
than would be required for many fac- 
tories. This is true because the manu- 
facturing plant is of the park type 
with buildings well separated to pro- 
vide ample space for expansion and 
because all wastes are treated in a 
common treatment plant. 


GRADUATE ASSISTANTSHIP 


Georgia Institute of Technology, School of Civil Engineering, 
has a graduate research position available for study on the treat- 


ment and disposal of radioactive sludges. 


The salary is $2,000 per 


year on a part-time basis and opportunity is available for advance 


study, either M.S. or Ph.D. 


Further information may be obtained from Dr. Werner N. 
Grune, School of Civil Engineering, Georgia Institute of Technol- 


ogy, Atlanta, Ga. 
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BIOLOGICAL TREATMENT OF PETROLEUM 
WASTES 


By Ropert A. BAKER AND Roy F. Weston 


Associate Chemical Engineer, and Sanitary Engineer,* Respectively, 
Atlantic Refining Co., Philadelphia, Pa. 


I. Biological Filter Studies 


Recent years have witnessed the ad- 
vent of an active water resources con- 
servation program. No longer are 
streams used as open sluices for the 
discharge of sanitary and industrial 
wastes. Each industry is faced with 
the need for discharging an effluent of 
a quality satisfactory for propagation 
of aquatic life and utilization by down- 
stream consumers. 

Because of the diversity of opera- 
tions within the limits of the typical 
oil refinery, a waste water problem 
exists which is unlike that common to 
other industries. Waste components 
may include oils, waxes, phenolates, 
naphthenates, sulphonates, polysul- 
fides, mercaptans, caustics, acids and 
many other organic and inorganic con- 
taminants. 

Because of the diversity of these pol- 
lutants, no specific treatment scheme 
may be applied as a universal cure-all. 
The result is the application of pre- 
treatment by separation, skimming 
and oxidation, as well as isolation of 
specific sources prior to chemical or 
biological treatment. 

The Point Breeze Refinery of the 
Atlantic Refining Company is situated 
on the Schuylkill River in Philadel- 
phia, Pa. Earlier investigations 
showed that because of the processing 
conducted in the two principal manu- 
facturing areas, the wastes were dif- 
ferent. 

The wastes from one area were treat- 
able by chemical flocculation (1) 


* Present address, Weston, Eckenfelder and 


Associates, Newtown Square, Pa. 


58 


while the wastes from the other area 
may possibly be adaptable to biologi- 
eal treatment. After the feasibility of 
biological treatment was ascertained 
by bench-scale experiments, a labora- 
tory scale biological filter was used to 
obtain pilot plant data. These studies 
were reported previously (2). 

Surveys of the south yard wastes 
showed the presence of specific con- 
taminants for which the effects on bio- 
logical filters were unknown. Since 
some of these materials are produced 
intermittently, sudden loading could 
upset filter operation and cause poor 
effluent. Therefore, pilot plant investi- 
gations were made to determine the 
effects of these wastes. 


Effect of Lead 


Lead may originate in refinery waste 
waters from the cleaning of gasoline 
storage tanks and litharge washings. 
Bioassay tests indicated that the 24-hr. 
median tolerance limit of lead at 20° 
C. was 1.95 p.p.m. for Blue Gill Sun- 
fish (3). It was also desirable to de- 
termine what levels of lead might 
cause deleterious effects on trickling 
filters. Each pilot plant trickling fil- 
ter, shown schematically in Figure 1, 
consisted of three 6-in. diameter by 
26-in. long terra cotta pipe sections 
supported vertically in series. The 
sections were spaced about 1 in. apart, 
with perforated plates inserted to as- 
sure even distribution of the flow. The 
column packing was trappe rock with 
an average diameter of 1 in. and an 
effective packing depth of 6 ft. 

The influent was contained in four 
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EFFLUENT eal YANK 


FINAL TANK EFFLUENT 


55 GAL. OPEN HEAD FEED DRUMS FORWARD FEED 55 GAL.OPEN HEAD FEED DRUMS 
PUMP 


SPENCE STEAM 
REGULATOR 


[*—HEATING COILS 


— 


FIGURE 1.—Flow diagram of the biological filter pilot plant for treating 


55-gal. barrels (Figure 2), the interior 
of which had been painted with Ucilon 
to retard corrosion and prevent bare 
metal contact. Tygon tubing was used 
for carrier lines as this facilitated 
cleaning and prevented absorption of 
materials such as phenols. 

The filters were seeded with a syn- 
thetic sludge prepared by aerating 
Schuylkill River water, milk and soap. 
Then, the filters were operated on 
gradually increased loading of syn- 
thetic influent. After sufficient con- 
stancy of operation was obtained at the 
desired loading-levels, the tests began. 

The great variation in the composi- 
tion of refinery wastes necessitated 
that a synthetic waste be used, thus 
limiting the number of possible errors. 
This synthetic influent consisted of 
Schuylkill River water, waste caustic 
from kerosene treatment and dried 
milk. Sulfuric acid was used for pH 
adjustment and lead was added as lead 


petroleum wastes. 


acetate during initial lead study. The 
B.O.D. contributed by the lead acetate 
was negligible. 

The influent flow rate was main- 
tained at 14 m.g.a.d. A total hydraulic 
flow rate of 79 m.g.a.d. was obtained 
with a recycle rate of 4:1. 

The synthetic influent was prepared 
daily since each 24-hr. period was 
considered a single test run. One set 
of samples was analyzed daily from 
each filter. The settling tanks, feed 
tanks and tygon tubing were cleaned 
and flushed every day to prevent the 
accumulation of biological growth on 
septic floc. 

The lead study was made in two 
parts. Part I consisted of 96 test runs 
at widely varying influent tempera- 
tures and lead loadings up to 18 p.p.m. 
Part II consisted of 84 test runs at 
90 + 2° F. and lead loadings up to 
80 p.p.m. The influent temperature 
was controlled by steam-heated coils. 
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The influent loading for Parts I and 
Il is summarized as follows: 


Median Values 
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Influent Conc 
Part I Part II 
(96 Tests) (84 Tests) 
pH 6.60 6.32 
Turbidity (p.p.m.) 186 
B.O.D. (p.p.m.) 164 116 
C.0.D. (p.p.m.) 294 222 
Phenol (p.p.m.) 22.4 — 
Median 


Effect of Lead on Deviation 


Per cent lead reduction 
Per cent phenol reduction 
Per cent C.O.D. reduction 2.5 
Per cent B.O.D. reduction 


30 
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Since two major variables, loading 
and temperature, are involved in Part 
I, the evaluation of the data was made 
by multiple correlation. The effect of 
lead at concentrations up to 18 p.p.m. 
on removal of B.O.D., C.O.D., phe- 
nol and lead is shown in Figures 3, 
4, 5 and 6, respectively. The reliability 
of the lines of regression may be ex- 
amined by comparing the individual 
test runs with those predicted by the 
correlation : 


Standard Devia- 
Average Range tion from Line 
Error of Regression 
44 | 0427.5 6.4 
9.1 | O+ 32.7 11.6 
4.2 0 + 17.7 5.6 
4.5 0 + 18.7 6.0 


FIGURE 2.—Pilot-plant trickling filter. 
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The correlation showing the largest 


deviation is that of ‘‘per cent phenol 
reduction’’ at varying lead loading. 
A factor influencing this result is the 
low phenol loading and 
analytical inaccuracies. 
For Part II the effect on reduction 
of B.O.D., C.0.D., and lead at applied 
lead loadings up to 80 p.p.m. is shown 
in Figures 7, 8 and 9, respectively. 
The efficiency of B.O.D.—C.O.D. re- 
moval decreased at the higher concen- 


subsequent 
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trations, 
tinued. 

Of interest is that fact that excep- 
tionally good correlation was obtained 
between the B.O.D. and C.O.D. redue- 
tions during these tests. This was 
possible since the waste composition 
remained relatively constant. Also, 
a test run was made in which 30 p.p.m. 
of lead was applied as a shock loading 
to a filter unaccustomed to lead wastes. 
The filter efficiency decreased 20 per 
cent based on B.O.D. removal, but 
normal operating efficiency was recov- 
ered within several days. 

The slopes and intercepts of the lead 
correlations in Parts I and II differ 
somewhat, but this apparent contradic- 
tion is explainable. The first series of 
tests were run on filters unaccustomed 
to lead, and the later runs were made 
with filters in which the zooglea had 
already accumulated lead. It may be 
coneluded from this study that lead 
did not destroy biological activity; 
however, efficiency was impaired. 


but biological activity con- 


Temperature 


The temperature correction plots ob- 
tained during the lead study were 
based on the isolation of this variable 
by multiple correlation and are limited 
to the specific primary correlation 
when treating a similarly toxic waste. 
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To determine further the effect of tem- 
perature, the construction of the pre- 
viously described filter system was 
modified by the addition of electric 
thermo-regulators to the settling tanks 
to permit adjustment of the recycle 
temperature. Unit operation was + 
2° F. of the specified temperature 
throughout the tests. 

The synthetic wastes and operating 
conditions previously described were 
used to reduce the number of vari- 
ables. Median pH values were 7.14 
for the influent and 7.24 for the efflu- 
ent, with median B.O.D. and C.O.D. 
loadings of 107 and 226, respectively. 

Operation at a particular tempera- 
ture was maintained for several days 
and the values for the average B.O.D. 
and C.0.D. reductions at each of the 
ten-degree levels are given in Figure 
10. Sixty test runs were made with 


each filter. In general, little variation 
was noted in C.O.D. removal between 
80 and 140° F. However, B.O.D. re- 
moval increased from 44 to 65 per cent 
between 80° and 120° F., after which 
it leveled off. 


Detergent Effects 


The final biofilter 


pilot-plant in- 
vestigation was made to study the 
effect of detergents. The particular 


detergent used was a sodium salt of 
an alkyl-aryl sulphonate. Since wastes 
from the producing plants enter the 
sewer system, it was desirable to de- 
termine their effect on the proposed 
treatment plant. The deviations are 
greater for the nutrient-added runs, 
but the decrease in B.O.D. removal 
at increasing sulphonate loading is not 
predictable in a mathematical form. 
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(These deviations are not greater than 
the accuracy measurable by the B.O.D. 
tests. ) 

The median C.O.D. reduction was 
54 per cent on the control filter, while 
the C.O.D. reduction at varying sul- 
phonate loading is shown in Figure 
11 and may be expressed as 


y = 58.0 — 16.65 log X 
in which 
y= per cent C.0.D. removed and 
X = sulphonate loading, p.p.m. 


The deviations from the line of regres- 
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4.29. The experimental values are all 
within the three sigma limits. In fact, 
all the experimental values, with but 
one exception, are less than two stand- 
ard deviations from the line of regres- 
sion. Therefore, excellent agreement 
is indicated between the actual and 
predicted values. The form of the re- 
duction vs. loading curve is the normal 
type expected from biological behavior. 

Once again it is obvious that the data 
scatters for the nutrient-added runs. 
The following is a statistical compari- 
son of the deviations in the C.O.D. 


sion show a standard deviation of removal by the filters: 
Sar 14 0-25 4.6 1.77 2.160 
2 15 25-100 8.5 3.69 2.145 
3 17 100-400 16.3 3.78 2.120 
60 | | 
| 
C.0.D. REDUCTION 
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FIGURE 11. 
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FIGURE 12. 


The deviations are insignificant in 
the 0-25 p.p.m. range which is the 
most probable in waste treatment plant 
operation and becomes increasingly 
significant thereafter as sulphonate 
loading increases. 

An interesting observation was made 
during this study. At sulphonate 
loadings less than 20 p.p.m. the effluent 
sulphonate concentration exceeded the 
concentration in the influent. How- 
ever, a constant rate of removal of 
approximately 23 per cent was noted 
between 50 and 348 p.p.m. sulphonate 
(Figure 12 This anomaly may be 
due to the limitations of the analytical 
method (i.e. the methylene blue test) 
or it may be due to behavior inherent 
to the specific biological system. 

Nutrient addition was made in 18 
tests to determine if the efficiency of 
operation could be improved. Am- 
monium acetate was increased to 63.8 
p.p.m. as ammonia nitrogen in 12 runs, 
and the di-ammonium hydrogen phos- 
phate was increased to 63.2 p.p.m. as 


phosphorus in six runs with no im- 
provement in the B.O.D., C.O.D. or sul- 
phonate removal. The acetate contrib- 
uted some organic loading but did not 
appear to affect the treatment. The 
scatter of the data during the nutrient 
runs was not readily correlated with 
any of the operating parameters. 

Despite the high sulphonate loading 
on the treated filter over a two month 
period, no detrimental effects were 
noted on the filter zooglea nor in the 
amount of material sloughed off the 
filter. 

In conclusion, sulphonate showed 
little effect on filter operation at con- 
centrations of less than 25 p.p.m. At 
higher sulphonate concentrations a 
high C.0.D. loading occurs which is 
not readily reduced. 


II. Activated Sludge Studies 


One of the initial activated-sludge 
studies was made with a small glass 
unit, consisting of a 430 ml. aeration 
chamber and slender glass tube set- 
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tling chamber 28.4 em. long. Tygon 
tubing was used and aeration was by 
means of an air diffuser. 

A synthetic sludge developed from 
domestic sewage, milk and soap was 
added to the aeration chamber. The 
floe was light and fluffy with a grey 
appearance at the start-up. As aera- 
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tion continued the floc developed 
a heavier red-brown color and an 
earthy odor. The initial floe concen- 
tration was 2,800 p.p.m. 

The feed consisted of a composite 
refinery waste water. Operating con- 
ditions varied within the following 
limits : 


Feed Recycle Recycle 
(ml./min.) (ml./min.) Ratio 


Aeration 
Chamber 
Detention 
(min.) 


Settling 
Chamber 
Detention 
(min.) 


Chamber 


Overflow Rates 
(gal./sq.ft./day) 


10.2 9.0 0.45 
to to to 
40.2 55.4 1.73:1 


10.7 16.8 638 
to to to 
42.0 66.1 2230 


At feed rates in excess of 20 ml./per 
minute the floe was broken up and 
dispersed in the effluent. However, 
floc growth was excellent at low feed 


rates, and especially at high waste 
loadings. 

Loadings and reductions are sum- 
marized as follows: 


Determination 


B.O.D.* 


C.0.D.4 


Removal 
(%) 


Loading 
(p.p.m.) 


Loading 
(p.p.m.) (%) 


Removal 


55.0 
60.2 
42.6-88.5 


53.8 
55.2 
28.2-83.0 


Median 
Mean 
Range 


200 
268.5 
155-765 


40.5 
39.3 
8.4-64.0 


1 Result of 14 test runs. 
2 Result of 63 test runs. 
3 Result of 20 test runs. 


These test runs were made during a 
25-day period prior to initiation of a 
study with a larger aerator. The fol- 
lowing recommendations are based on 
this 25-day study: 


1. Control of pH and waste loading 
in the large pilot plant* should be 
accurate, because shock loads in the 
waste may destroy biological activity, 
the and require 
prolonged periods of time to rebuild 
the floc. 

2. Excessive flow rates and agitation 
should be avoided to reduce the floc 


unbalance system, 


* Aero-Accelutor manufactured by Infileo 
Ine. 


break up, over-oxidation and loss of 
floe to the effluent stream. 

3. Sludge production must be in 
sufficient quantity to assure that oil 
does not accumulate on the floc, re- 
sulting in an unbalance of the system. 


All of these observations were con- 
firmed in the larger pilot plant. Dur- 
ing this period of testing with the 
larger aerator, a composite waste 
containing waste caustics, acids, 
litharge washes, sulphonates, polysul- 
fides and oil was obtained. Discharge 
of these components is periodic and 
hence B.O.D—C.O.D. loading fluctu- 
ated widely. The 2,300-gal. pilot- 
plant was operated from September 21 
to November 14, 1950. Initially, the 
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unit was seeded with the addition of 
2,500 p.p.m. of activated sludge from 
a domestic sewage treatment plant. 

Early operation was at low flow 
rates to enable the floc to become ac- 
climated. Sufficient air was added to 
approximately 2.0 p.p.m. dis- 
solved oxygen in the effluent. As the 
test progressed, the thruput was raised 
to 20 g.p.m. and the air supply rate 
cut back to produce 0.2 p.p.m. dis- 
solved oxygen in the effluent. The 
aerator rotor speed was varied as a 
function of the air supply rate. It 
was necessary to assure sufficient ve- 
locity to complete mixing of influent, 
floc and air; but not so high that air 
was hurled from under the hood to 
disturb the slurry in the settling 
chamber. 

The pH of the influent was adjusted 
between 7.0 and 7.5 by the addition of 
caustic or sulfuric acid. The 
were predominately caustic as received 
at the unit. Composite samples were 
collected in a refrigerated sampler and 
submitted to the laboratory three or 
four times daily. Additional testing, 
including the determination of the oxi- 
dation-reduction potential, was made 
in the field. 

The oxidation-reduction potential as 
a means of plant control was not fully 
developed at the time of this stndy. 
Correlation of data in this case was 
not successful. 

The loadings and reductions on the 
pilot plant may be summarized as 
follows : 


give 


wastes 


Mean| Median} 


| Tests | 


Determination Range 
| 
} 
| 


129 to 1662 
84 to 746 
48 to 309 


reduc- 
tions (%) 
unfiltered 
filtered 
B.O.D. reduc- 
tion (%) 
unfiltered —48.4 to 87.7 
filtered 44.6 to 93.5 
Phenol : 26.7 to 97.7 
Oil A —280 to 85.7 
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Since small amounts of solids were 
continuously lost in the effluent, B.O.D. 
and C.O.D. data were obtained on the 
filtered effluent. During the study, 
several upsets occurred to the aerators 
with subsequently heavy floe 
These were attributed to excessive oil 
contamination, shock loading of chemi 
cal wastes and of pH control. 
These were the same difficulties indi- 
cated in the smaller glass unit pre- 
viously described and show the merit 
of the preliminary studies in _ pilot- 
plant work. Of particular concern 
were the high oil contents. The detri- 
mental effect was not that biological 
activity was impaired but that when 
the oil-suspended-solids ratio became 
high, a physical manifestation, loss by 
density differences caused heavy floc 
losses in the effluent. Excellent B.O.D. 
and phenol reductions continued dur- 
ing intervals of high oil contamination. 

Shock loading of contaminants con- 
tributing high B.O.D—C.O.D. necessi- 
tated high aeration rates and occasion- 
ally the maximum permissible air rate 
was still unable to contribute an efflu- 
ent dissolved oxygen content. For nor- 
mal consumption is 
limited by economic considerations. 

During the final phase of the study, 
use was made of water softening sludge 
(CaCO,) as a weighting agent for the 
floc, and also as an absorption medium 
for some of the influent oil. However, 
the unit was badly unbalanced and 
the time was too short to ascertain the 
degree of success afforded by this ad- 
dition, although some degree of im- 
provement was noted. 

In general, the study proved that 
the wastes were treatable by activated 
sludge, but modifications to adapt the 
aeration process to refinery wastes and 
better preparation and conditioning of 
the influent are indicated. 

In the treatment of refinery wastes 
by high rate activated sludge proc- 
esses it has been found that the sludge 
tended to float in the clarification unit. 
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For this reason, research should be air is increased at higher pressures. 
conducted on the use of dissolved air Decompression of the air-liquid mix- 
flotation in place of final sedimenta- ture releases the air in a finely divided 
tion. Dissolved air flotation depends state. This procedure has been used in 
on the principle that the solubility of lieu of sedimentation equipment (4). 
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May 6-11 American Water Works Association Diamond Jubilee Confer- 
ence, St. Louis, Mo. Harry E. Jordan, Secretary, AWWA, 521 
Fifth Ave., New York 17, N. Y. 
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PROCESSING OF PHOSPHORUS FURNACE WASTES * 


3y JoHN P. Horton, J. Douauas MALLEY AND Harotp C. Bays 


Development Department, Virginia-Carolina Chemical Corporation, 
Richmond, Va. 


The phosphorus and phosphate in- 
dustry produces some of the most basic 
chemical products, products that are 
essential to growth and health. Phos- 
phorus is one of the three major nu- 
tritional elements used in fertilizers 
and proper levels of nitrogen and 
phosphorus are required to sustain 
bacterial growth in activated sludge 
systems and in the B.O.D. test. Com- 
plex polyphosphates constitute a major 
component of modern synthetic deter- 
gents and phosphoric acid is used in 
many applications, from soft drinks 
to rust-proofing. Organic phosphorus- 
carrying chemicals, phosphates, phos- 
phites, phosphonates and others, find 
application as nerve gases, pesticides, 
plasticizers and lubricating oil addi- 
tives, 

Phosphorus, the common constituent 
of all these chemicals, is usually pro- 
duced in the elemental form whenever 
a source of ‘‘pure’’ phosphorus is re- 
quired. In its most important form, 
elemental phosphorus is a waxy yellow- 
ish substance with a specific gravity of 
1.82 and melts at approximately 112° 
EF’. Phosphorus oxidizes rapidly in air, 
especially in the liquid form where 
combustion is instantaneous, to pro- 
duce a phosphorus oxide (P,0,) smoke 
with the liberation of large amounts 
of heat. The oxide is easily hydro- 
lyzed to phosphoric acid in the pres- 
ence of moisture. 


* Presented at 28th Annual Meeting, Fed- 


eration of Sewage and Industrial Wastes 
Assns.; Atlantic City, N. J.; Oct. 10-13, 
1955. 
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Phosphorus Manufacture 


Elemental phosphorus is produced 
from phosphate rock in an electric re- 
duction furnace as shown schemati- 
cally in Figure 1. Phosphate rock is 
blended with coke, the reducing agent, 
and silica, which acts as a flux, to 
form the furnace charge. This charge 
is delivered to the furnace through 
vertical tubes which penetrate the fur- 
nace roof. In the furnace, electrical 
energy is used to smelt the charge and 
liberate reduced phosphorus as a gas. 
A residual molten slag, mostly calcium 
silicate, remains in the bottom of the 
furnace and acts as a conductor to 
earry the heavy electric current be- 
tween the electrodes. Also produced 
in a molten state is ferrophosphorus, 
a heavy, dense reaction product of 
phosphorus with the iron contained in 
the phosphate rock. Both products are 
tapped from the furnace at periodic 
intervals. 

Furnace gases, at 500° to 800° F., 
contain elemental phosphorus; silicon 
tetrafluoride, formed from fluorides in 
the phosphate rock and silica in the 
gravel; carbon monoxide, from the oxi- 
dation of coke and the carbon elec- 
trodes; and various other gases in 
small amounts, such as phosphorus ox- 
ides formed as a result of air leakage 
into the furnace. 

Often the gases are passed through 
an electrostatic precipitator where 
much of the dust, carried over in the 
gas stream, is removed. The dust is 
mainly coke and phosphate rock fines. 
After being cleaned in the precipita- 
tors, the gases enter the condenser 
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FIGURE 1.—Flow diagram of an electric furnace used to produce elemental phosphorus. 


where water sprays cool the gases to 
120° to 150° F. The phosphorus is 
condensed from a gas to a heavy liquid. 
Silicon tetrafluoride is hydrolyzed to 
fluosilicic acid (H,SiF,). Carbon mon- 
oxide passes through the condenser and 
may either be burned as a waste prod- 
uct or may be used as a source of heat. 

The liquid phosphorus and spray 
water flow from the condenser into 
concrete sumps. The phosphorus is 
separated by sedimentation and is sub- 
sequently pumped to storage. Con- 
denser spray water is_ recirculated 
through the condenser sump and back 
to the condenser sprays. A proportion 
of this water is bled off continuously 
to control the concentration of sus- 
pended solids (there is some dust 
carry-over through the precipitators) 
and soluble salts (especially fluorides). 

Because of the presence of fluosilicic 
acid and some of the phosphorus acids, 
the condenser water is usually neutral- 
ized with soda ash, ammonia, or some 
other base to prevent corrosion. If the 
condenser water is not neutralized, the 
pH would be 1.5 to 2.0. 


Waste Sources and Characteristics 


The major source of water-borne 
waste from a phosphorus reduction 
furnace is the condenser water bleed- 
off. Depending on the particular in- 
stallation, this may vary from 10 to 
100 g.p.m. Other waste sources in- 
clude displacement water from storage 
tanks or tank cars, water from safety 
pools under these same tanks, and wa- 
ter used in washing out phosphorus 
pipe lines. 

The most important part of this 
waste is the elemental phosphorus 
which is collidally dispersed or is at- 
tached to small sludge partices. From 
an economic standpoint, the value of 
the phosphorus to be recovered may 
be considerable. From a waste dis- 
posal aspect, the phosphorus is a most 
objectionable component. As the waste 
flows through ditches or ponds, the 
phosphorus and other solids settle out 
of the water to form small sludge 
banks and deposits. If the water level 
varies, these deposits may dry out and 
the phosphorus then ignites. Sludge 
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floating on the surface of tanks also 
may become sufficiently dry to ignite. 
The hazards created by such a waste 
cannot be underestimated. 


Fluorine 


Another significant component of the 
waste is fluorine. Although of ques- 
tionable economic value at present, the 
troubles caused by fluoride discharge 
into small receiving streams used for 
watering cattle or other livestock are 
well known. In general, fluoride lim- 
its of 1 to 5 p.p.m. have been set for 
receiving streams. Fluorides may be 
removed, however, by reaction with 
lime and a subsequent precipitation of 
the highly insoluble calcium fluoride. 
This problem is not considered further 
here. 


Typical Waste Characteristics 


A general characterization of the 
waste to be treated (if no soda ash or 
ammonia were added to the condenser 
water) is: 


pH 

Temperature 
Elemental phosphorus 
Total susp. solids 
Fluorine 


1.5-2.0 
120°-150° F. 

400—2,500 p.p.m. 
1,000-5,000 p.p.m. 

500-2,000 p.p.m. 


Silica 300-700 p.p.m. 
Oxidized phosphorus 600-900 p.p.m. 
(as Pf )s) 


Reducing substances (I2) 40-50 p.p.m. 


The waste is not particularly strong 
from a conventional standpoint. The 
solids loading is not excessive and the 
oxygen demand is small. The compli- 
eating features derive from the pres- 
ence of elemental phosphorus and 
fluorine. 

For example, the usual, relatively 
simple, solids analysis is prohibited by 
the fact that the solids cannot be fil- 
tered and dried in air without loss of 
weight due to phosphorus combustion. 
The analytical method used takes about 
10 hr. and involves distillation and 
benzene extraction. Water is recov- 
ered as the distillate, phosphorus re- 
covered in the benzene (where it is 
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then oxidized with nitric acid and ulti- 
mately determined as P,O,), and non- 
phosphorus solids comprise the residue. 

Reducing substances, principally dis- 
solved elemental phosphorus and the 
lower phosphorus oxides such as phos- 
phorus sub-oxide (P,Q), cannot be 
measured by the conventional B.O.D. 
test since they are bacteriologically un- 
available. They do represent a real 
oxygen demand, however, and have 
been evaluated chemically. 

The complications caused by the 


presence of fluorine are associated 
with the fluorine—fluosilicate equi- 
librium, 


SiF,- + 4H,0 = 6F- + 4H* + SiO, 


As the pH of the waste condenser wa- 
ter, often called phossy water, varies, 
the solids content of the waste will 
change due to the formation or disap- 
pearance of silica. As the pH in- 
ereases that is, as the hydrogen ion 
concentration goes down, the reaction 
**goes’’ to the right. Silica is pro- 
duced and the fluosilicate ion is con- 
verted to fluoride ions. 


Particle Charge 


In addition to the chemival prop- 
erties of the waste, it is of interest to 
know something about the physical 
characteristics, particularly the elec- 
trical charge on the surface of the 
colloidal particles. The character of 
the charge is especially important 
when chemical coagulation is being 
considered. In many coagulation sys- 
tems, the colloidal particles being ag- 
glomerated are negatively charged, 
and a positively charged particle or 
ion is used to neutralize the electric 
potential. With the electrical repel- 
ling forees reduced to some suitable 
value, the individual particles can 
then be easily agglomerated. Usually 
aluminum or iron salts such as alum 
or ferric chloride are used as sources 
of positively charged counter-ions. 

In this waste, however, the particles 
are positively charged and the com- 


; 
oe 


Vol. 28, No. 1 


mon coagulants are of no avail. Fur- 
thermore, the waste as received nor- 
mally has a temperature of 130° to 
140° F., so that the phosphorus present 
is in a liquid form as a suspension of 
colloidal droplets. Whether the physi- 
cal-chemical theories developed for the 
surface reactions of solid colloidal par- 
ticles are equally applicable to liquid 
particles is open to question. 

Finally, consideration must be given 
to the variations in surface character- 
istics caused by the electrostatic pre- 
cipitators. Proper operation of the 
dust collectors requires that all the 
particles passing through must be ion- 
ized by the addition of electrons, thus 
giving the particles a net negative 
charge. When the particles are later 
suspended in water, however, they 
have a net positive charge. The reason 
for this is not clear at present. It is 
well known that these particles, in a 
dry state, will retain their modified 
surface characteristics. No data are 
available, however, on the reaction 
that takes place when the particles are 
immersed in water. 

Complications arise, however, be- 
eause the precipitators do not operate 
continuously. Occasionally, because of 
dust build-up, these high voltage units 
ground out and must be cleaned. Par- 
ticles passing through the precipitators 
under these conditions do not become 
similarly charged, and this undoubt- 
edly changes the surface characteristic 
of the particle. While direct determi- 
nations of electrical charge have not 
been made for particles by-passing a 
grounded condenser, these particles 
are known to be more difficult to co- 
agulate and settle out. 


Potential Treatment Methods 

Treatment of this waste may be ap- 
proached from either a disposal or a 
recovery standpoint; both have been 
attempted. 
Lagooning 

If waste disposal is the only objec- 
tive, lagooning seems to be the simplest 


PHOSPHORUS FURNACE WASTES 73 


technique. Fluorine can be removed, 
if necessary, by the addition of lime. 
With sufficient storage capacity avail- 
able, the phosphorus and solids will 
settle and can be removed. Evapora- 
tion and infiltration may materially 
reduce the waste volume and in some 
cases eliminate the waste problem com- 
pletely. Trouble may ultimately be 
encountered when the lagoon begins to 
fill up, because the phosphorus bearing 
sludge is a potential hazard. 


Chlorination 


Oxidation by chlorination is a sec- 
ond method by which the phosphorus 
hazard may be eliminated. The oxi- 
dized phosphorus is ineombustible 
since it is converted into a water sol- 
uble form such as phosphorus or hypo- 
phosphorus acid. 


Separation 

If phosphorus recovery is considered 
desirable, several separation tech- 
niques may be used. The separation 
conceivably could be effected by plain 
sedimentation, coagulation and sedi- 
mentation, filtration, or centrifuging. 
All these methods have been attempted, 
but only coagulation and sedimenta- 
tion seems completely acceptable for 
large flows. Laboratory and pilot 
plant experiments were carried out, 
therefore, to determine the details of 
such a process. 


Determination of a Coagulation 
System 


In attempting to establish a good co- 
agulation system, the first requirement 
is a good coagulant. It has been men- 
tioned previously that some of the floc- 
culating agents which, from a sewage 
or normal waste disposal standpoint, 
are considered standards, such as alum, 
ferric sulfate, ferric chloride or lime, 
were of no value. This is mainly be- 
cause the suspended particles in phossy 
water are not predominantly nega- 
tively charged. 

In recent years a whole series of new 
coagulating agents, anionic and cati- 
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onic polyelectrolytes, have been devel- 
oped. Many of these coagulants were 
compounded for use in industrial 
processes such as the settlement of 
slimes resulting from hydraulic min- 
ing operations. Attempts to use these 
polyelectrolytes were not successful, 
although better results were achieved 
than with the ‘‘low molecular weight’’ 
inorganic compounds tried first. 
Protein Coagulants 

Since higher molecular weight ma- 
terials seemed to have some ad- 
vantages, it was decided to investigate 
proteins as coagulants. Further, pro- 
teins as a class exhibit strong ampho- 
teric properties. That is, on the acid 
side of the isoelectric point the protein 
molecule has a_ positive electrical 
charge while on the alkaline side it has 
a negative charge. This occurs because 
of the presence of ‘‘zwitter ions’’ in 
the protein, such as *NH,CH,COO. 
In acid media, the positive ion 
‘NH,CH,COOH is formed while in 
alkaline media, the negative ion 
NH.CH.COO> is formed. The degree 
of ionization, or the voltage of the 
electrically charged particles, varies 
depending on the pH of the system 
compared with the pH at the 
electric point. Thus, by adjusting the 
pH, it is possible to obtain a large 
molecule with either a positive or nega- 
tive charge and, further, to control the 
electrical potential, or voltage, so that 
it just balances that of the particles to 
be coagulated. 


iso- 


Laboratory Studies 

Extensive screening experiments in 
a laboratory stirring apparatus con- 
firmed the applicability of proteins. 
The effect of pH on coagulation effi- 
ciency was studied for all proteins. In 
some cases a rather narrow pH range 
within which the proteins had to op- 
erate was found while in other cases 
the tolerance was large. Table I lists 
some of the proteins studied, the pH 
range in which they operate, and the 
coagulant concentration required. 


January, 1956 


TABLE I.—Concentration and pH Range 
of Selected Protein Coagulants 


Protein Reet pH Range 
Blood 20-280 5.5-6.0 
Blood albumin 60-200 4.0-4.4 
Casein 25- 75 3.04.0 
Glue 30-200 5.5-6.0 
Gelatin 10-150 5.0-5.8 
Peanut protein 90-250 2.0-5.0 
Soya protein 60-150 3.6-5.6 


Control of the pH in a phossy water 
system is not as straight-forward as 
might be hoped. In initial pilot unit 
tests, a pH of 5.8 was selected as being 
desirable from a coagulation stand- 
point. 

The pH was adjusted by adding 
soda ash to the condenser sump. After 
about a week of operation consider- 
able scale was observed in pipe lines 
and in the pilot unit settling tanks. 
This scale, formed beeause of the fluo- 
rine—-fluosilicate equilibrium which 
precipitates silica as the pH is in- 
creased, accumulated at rate of about 
0.01 lb. per square foot per day, or 
about 1/100 in. per day. 

Furthermore, the solids formed 
were not only depositing as scale but 
were also acting as weighting agents. 
As the pH increased, more solids were 
formed and the settling rate of the 
coagulated particles increased accord- 
ingly (Figure 2). The primary 
trouble was that the solids were being 
produced in the condenser sump 
rather than in the coagulation zone 
where they were required. 

It would be possible, of course, to 
have two pH control points. The con- 
trol point in the condenser sump would 
hold a pH level sufficient to prevent 
corrosion and the other in the coagula- 
tion tank would control the process 
pH. This obviously would be a costly 
and cumbersome system. 

Rather than re-pipe the experi- 
mental equipment and purchase an- 
other pH recorder-controller, clay was 
added with the coagulant as a substi- 
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PROTEIN B 


PROTEIN A 


SETTLING RATE, INCHES PER MINUTE 
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FIGURE 2.—Effect of pH on the settling rate of particles coagulated from raw phossy 
water by the use of proteins. 
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FIGURE 3.—Flow diagram of pilot plant equipment for recovery of phosphorus from 
phossy water. 
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tute weighting agent. The clay did 
solve the problem, although its action 
was two-fold. First the clay particles, 
being negatively charged, helped to 
neutralize the charge on the colloidal 
particles in the phossy water. Sec- 
ond, the clay replaced the silica solids. 
The net effect was to reduce the pH 
required for optimum coagulation so 
that scaling was no longer a problem. 


Pilot Plant Operation 


The pilot units installed to evaluate 
this coagulation system consisted es- 
sentially of a combination coagulation 
and settling tank (thickener) and a 
sludge concentrating tank as shown 
schematically in Figure 3. 
phossy water, adjusted to the proper 
pH, flows into the top of the outer 
draft tube of the thickener where it is 
mixed by the impeller with the protein 
and clay. Recycle sludge is pumped 
up the inner draft tube by the im- 
peller and is also mixed with the raw 
waste. 


Raw 
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The coagulated mixed liquors then 
flow down the outer draft tube and 
are distributed uniformly into the tank 


by the slowly rotating distributor 
arms. Coagulated particles are set- 


tled and filtered out as the clarified 
water passes up through the slurry 
blanket and discharges through the 
effluent launder. 

Thickened sludge flows to the con- 
centrator where the solids content is 
increased further. 

A summary of the experimental re- 
sults which have been obtained is pre- 
sented in Figure 4. Using a sludge 
recycle rate sufficient to maintain 
about 5 to 10 per cent settleable solids 
(by volume, after 5 min. settling), 
the solids were concentrated to a very 
heavy phosphorus-bearing sludge. The 
water temperature in the thickener was 
approximately 125° F. so that the 
phosphorus particles were in the liquid 
rather than solid form. The turbidity 
of the effluent varied from 40 to 250 
p.p.m. depending on the pH, being less 
at low pH levels. Normally, the 
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FIGURE 4.—Summary of pilot unit operation materials balance. 
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turbidity was approximately 100 
p.p.m. 

The solids in the thickener under- 
flow were increased further in the 
sludge concentrator. The temperature 
in this latter unit varied from 100° 
to 150° F. but sludge concentration 
seemed to be independent of the physi- 
cal state of the phosphorus. 

The operating pH varied depending 
on the particular protein used. How- 
ever, even with waste conditions vary- 
ing from relatively ‘‘clean’’ phossy 
water (electrostatic precipitators op- 
erating 100 per cent of the time) to 
“‘dirty’’ water (precipitators operat- 
ing 25 to 50 per cent of the time), the 
proteins were remarkably capable of 
coagulating and precipitating the col- 
loidal and suspended particles without 
a re-adjustment of the pH. 


Conclusions 


1. Phossy water, a waste product in 
the production of elemental phos- 
phorus by the electric furnace process, 
contains from 1,000 to 5,000 p.p.m. of 
suspended solids. These solids include 
400 to 2,500 p.p.m. of elemental phos- 
phorus distributed as liquid colloidal 
particles. The electrical charge on the 
suspended particles is usually positive, 
although it varies depending on the 
operation of the electrostatic precepi- 
tators. The chemical equilibrium be- 
tween fluoride and fluosilicate ions in- 
troduces an important source of varia- 
tion in suspended solids which is a 
function of pH changes. 
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2. Potential treatment or disposal 
methods which have been investigated 
or attempted include lagooning, oxidiz- 
ing, settling (with or without prior 
chemical coagulation) filtering and 
centrifuging. Of these techniques, co- 
agulation and settling appears to offer 
the best solution. 

3. Common water works or waste 
disposal coagulants such as alum or 
ferric chloride were not satisfactory 
because of the positive charge on the 
suspended particles. Newer, inorganic 
polyelectrolytes such as the Hyamines 
gave improved performance but were 
still not satisfactory. High molecular 
weight protein molecules at a suitable 
pH level (which varies for each pro- 
tein) produced excellent coagulation 
and were highly successful. 

4. The proper pH for optimum co- 
agulation with proteins alone was ob- 
seured at higher pH levels by the 
formation of silica which tended to 
encrust the pipe lines. The addition 
of clay, as a weighting agent with the 
coagulant eliminated the scale problem 
without decreasing the settling rates. 

5. Under reasonably proper coagula- 
tion conditions in a pilot unit, it was 
possible to concentrate suspended sol- 
ids 40-fold so that a 25 per cent solids 
product was obtained by a simple co- 
agulation and sedimentation process. 
Dispersed phosphorus droplets were 
handled under water so that the 
amount of phosphorus recovered was 
maximized and little phosphorus was 
lost by oxidation. 
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Stream Pollution 


SLIME FORMATION IN POLLUTED WATERS * 


II. Factors Affecting Slime Growth f 


By H. HEUKELEKIAN AND E. S. Crossy 


Rutgers University, New Brunswick, N. J. 


Biological slimes exhibit a number 
of relationships to man’s environment, 
both advantageous and disadvantage- 
ous. In marine environment slimes 
affect the fouling of ship bottoms and 
the life of wood piling. In streams 
they play a role in self-purification, 
and in the formation of secondary 
sludge deposits. In water pipes their 
growth may result in the production 
of tastes and odors, and in tubercula- 
tion causing an increase in frictional 
losses. Condenser and cooling systems 
often are rendered less efficient by 
slime growths. 

Slimes in sewers are associated with 
hydrogen sulfide production and with 
subsequent corrosion of concrete. In 
activated sludge and trickling filters, 
they are responsible for the purifica- 
tion of sewage. In industrial proces- 
ses, such as paper making and citrus 
fruit processing, their growth often 
produces an unfavorable effect in the 
product. 

It is not to be expected that the 
nature of the organisms in all these 
environments are the same. They have 
one similarity, however, in that they 
form growths attached to some sub- 
merged surface (concrete, wood, metal, 
stone or transite) or to some suspended 
particle (clay, silt or organic matter). 
In water pipes, the food supply of the 
om Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Rutgers 
University. 

+ Part I appeared in THis JoURNAL, 27, 
12, 13891 (Dee., 1955). 
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slime growths may be the result of 
autotrophic oxidation of ferrous iron 
or ammonia. In surfaces exposed to 
light, food may be produced from the 
photosynthetic reduction of carbon di- 
oxide. Traces of organic matter pro- 
vide the necessary food for the slime 
growth in sea and unpolluted fresh 
waters, while in polluted streams and 
in sewage the concentration of organic 
matter is much higher. 

Laboratory experimental conditions 
do not often readily simulate the con- 
ditions in the natural environment. 
Also, it generally is difficult to study 
the organisms responsible for slime 
formation by cultural methods. For 
these reasons, there is a dearth of in- 
formation regarding the nature, causa- 
tive organisms, food requirements and 
other factors influencing slime forma- 
tion in these various environments. 
Zobell and his associates (1) (2) (3) 
have described many fundamental as- 
pects of attached growths in salt wa- 
ter substrates, and Henrici (4) (5) (6) 
has studied the occurrence and distri- 
bution of slime-forming microorgan- 
isms in lakes. The purpose of this 
paper is to present experimental data 
obtained from laboratory and field 
studies on the influence of certain fac- 
tors on slime formation in sewage. 


Relative Weight of Slime in 
Laboratory Methods 


The amounts of slime growth ob- 
tained on test slides in the laboratory 
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TABLE I.—Comparative Slime Weight Increases in Sewage’ Determined 
by Laboratory Methods Over 26-day Period 


Accumulative Dry Weights? (mg. per slide) 


Submerged Alternate Air Lift 
Dipping* Dipping* Recirculation‘ 


Range Range Range Range 


0.4 0.4-0.5 2.2-2.7 3.5-4.4 

0.4-0.7 2.8-3.8 6.4-7.5 8.8-9.9 
1.5-1.9 4.4-5.1 12.0-12.1 13.1 
0.6-1.7 6.3-7.4 12.4-14.3 
1.6-2.4 8.7-9.3 9. 15.3-17.1 om 
1.9-2.3 8.4-9.5 16.5-18.0 31.3-42.0 
3.4-4.9 10.4-11.7 23.8-25.8 
2.9-3.9 11.8-13.2 21.1-23.7 29.4-32.9 
5.4-6.3 13.2-16.7 26.0-27.2 
3.5-3.9 13.3-19.5 25.7-26.9 12.4-20.9 
4.5-5.8 21.0-22.9 29.6-31.7 


‘ Screened settled sewage. 

? Average weight, three slides; slide area, 0.4 sq. dm. 
® Dipping rate 3 r.p.m. 

* Recirculation rate 12 1. per hour. 


|. SUBMERGED AIRUIFT RECIRCULATION 
2. ALTERINATE DIPPING 
3. SUBMERGED DIPPING 
4 SUBMERGED STATIC 


ACCUMULATIVE DRY WEIGHT - MG. / DM.2 


TIME - DAYS 
FIGURE 1.—Slime growth using different methods of submergence. 
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TABLE Il. 

Days Shdes 
Method (Ne) } (No. 

Submerged dipping? 

Cylinder? 5 | 10 

| | 
Tank* 5 | 16 | 
Tank recirculation’ | 5 
| 8s | 33 | 


SEWAGE AND INDUSTRIAL WASTES 


January, 1956 


Comparative Slime Weight Increases in Sewage Determined 
by Laboratory Methods At 5- and 8-day 


Periods 


Actual Dry Weight (mg. per slide") Calculated 
| | per sq. dm.) 
Min. | Max. | Range Av. Av. 
o3 | 12 } 69 0.7 1.8 
is | -43 {| Ba 2.7 6.8 
| 1.5 3.7 
o.0 6.7 3.4 4.7 11.7 
3.0 23.9 20.9 15.0 37.5 
14.1 36.0 21.9 25.9 64.7 


‘ Slide area exposed, 0.4 sq. dm. 

2 Screened, settled sewage changed daily. 

> 1.5 1. per cylinder, sewage depth 29.5 cm. 
* 36.0 |. per tank, sewage depth 28.0 cm. 


by various methods of submergence in 
sewage were compared. Slides were 
sampled every two days from the 4th 
to 26th day. The weights of slime ac- 
cumulated are summarized in Table 
I and are plotted in Figure 1. The 
weight data show a maximum slime 
accumulation in the sub- 
merged air lift recirculation method, 
the peak being 88.2 mg. per square 
decimeter,* after 16 days immersion. 
Decreasing amounts of slime were 
found on slides treated by different 
methods in the following order: alter- 
nate dipping, submerged dipping, and 
static immersion methods. 

A study was made to compare the 
amounts of slime formed by submerged 

* A square decimeter contains .01 sq. meter 


or 15.50 sq. in. 


dipping, in cylinders and a tank, with 
that formed by the tank recirculation 
(mechanical stirring) method. Slides 
were sampled after 5 and 8 day im- 
mersion periods, for determination of 
slime weight. Table II shows a maxi- 
mum slime accumulation occurred in 
the tank recirculation method; de- 
creased accumulation resulted by sub- 
merged dipping in a tank, and by sub- 
merged dipping in cylinders. 

Slime weight data from all studies 
(including studies not reported) are 
summarized in Table III. Methods are 
listed in order of the decreasing 
amount of slime accumulated. The 
data illustrate that dipping methods 
produced the most growth with the 
least variation and these methods were 
generally used in subsequent labora- 


TABLE III.—Summary of Slime Weight Increases Determined by Eight Methods 


Studies in Which Two or More Methods Were Run Simultaneously 


Accumulative Dry Weight Increase (mg. per sq. dm.) 


Series 1 


Immersion period, days 
Submerged tank recirculation 
Submerged air lift recirculation — 


Alternate dipping 4.2* 
Submerged dipping (tank) 

Submerged dipping (cylinder) - 
Exposed air lift recirculation 3.2* 
Static immersion 0.7* 


Series 2 Series 3 Series 4 
8 8 7 
- 64.7 65 
23.7 - 
17.2 — 
- 11.7 — 
8.0 6.8 
12 — 


* Unchanged settled sewage; all others changed daily. 


+ Continuous change. 
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tory studies. Differences in the growth 
level by any one method, from one 
series to another, were ascribed to sew- 
age differences. 


Comparison of Laboratory and 
Field Conditions 


Before proceeding with detailed 
studies it was desirable to compare 
laboratory methods of slime growth 
with the amounts of slime formed on 
similar surfaces under field conditions. 

Field studies were all carried out 
at the Plainfield Joint Meeting Sewage 
Treatment Plant. Weighed slides in 
copper holders were submerged in the 
primary clarifier effluent channel (sta- 
tion 4), in the trickling filter effluent 
well (station 5), in the final clarifier 
effluent channel (station 6) and in the 
receiving stream approximately 100 ft. 
above (station 7) and 100 ft. below 
(station 8) the point of effluent dis- 
charge. Slides were removed at weekly 
intervals from the 6th to 35th day. 
The slime weight data are illustrated 
graphically in Figure 2. 

Plant operation at the time of this 
study involved prechlorination of raw 
sewage and post-chlorination of the 
effluent, with a portion of the chlori- 
nated effluent being recirculated to the 
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dosing tanks and trickling filters. No 
residual chlorine either from pre- or 
post-chlorination was detected at any 
of the slide immersion stations. 

A comparison of slime accumulation 
in sewage under laboratory and field 
conditions shows that the maximum 
growth rate (65.7 mg. per square deci- 
meter per 7 days) occurred under the 
laboratory conditions using the sub- 
merged tank recirculation method. 
Higher peaks occurred under field 
conditions, but only after longer im- 
mersion periods. When the amount of 
accumulated slime was large, there was 
a greater variation in replicate sam- 
ples in both field and laboratory stud- 
ies. Newcombe (7) has reported simi- 
lar variation with slides submerged in 
fresh water lakes. 

Graphical presentations of labora- 
tory (Figure 1) and field data (Fig- 
ure 2) show that, by regular sampling, 
a definite slime growth curve was evi- 
dent for each condition. In the labora- 
tory study of slime growth, a peak 
followed by a sloughing loss was more 
evident than in the field study. 

In field studies, the substrate char- 
acteristics at the primary clarifier 
effluent location correspond to those of 
the screened and settled sewage used 
in laboratory studies. It is of interest 


Vs 


ACCUMULATIVE DRY WEIGHT - MG. / DM.2 


STA. 


15 


20 25 30 35 


TIME — DAYS 
FIGURE 2.—Slime growth in sewage treatment plant. 
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to note that the submerged dipping 
laboratory method gave slime growth 
valnes closest to the growth obtained 
on slides in the field test where slides 
were submerged in the clarifier effluent 
channel (station 4). 

The slime growth in field tests on 
slides submerged in. the trickling filter 
effluent and final clarifier effluent did 
not approach the quantities obtained 
in the settled sewage, while slides im- 
mersed in the stream above the outfall 
gave quantities of growth only slightly 
less than those obtained in settled sew- 
age. On the other hand, slides sub- 
merged in the stream below the out- 
fall gave extremely small amounts of 
growth comparable to the trickling 
filter and final effluent values. 

One of the important variables in 
these different locations is the concen- 
tration of food material. It is highest 
in the settled sewage and is greatly 
reduced by passage through the trick- 
ling filter and secondary clarifier; it is 
further reduced by dilution after dis- 
charge to the stream. The field results, 
however, cannot be entirely explained 
on the basis of food concentration. The 
stream above -the outfall is certainly 
lower in food concentration than the 
effluent from the filters, plant effluent 
or the stream water below the outfall, 
and yet a much higher slime growth 
was obtained at this location. 

The second variable that might in- 
fluence growth is the presence or ab- 
sence of oxygen. Dissolved oxygen 
was absent in the primary clarifier 
effluent, while it was present in all 
other locations. Anaerobic conditions 
should not be expected to produce 
greater growth than aerobic condi- 
tions. Furthermore, differences in the 
results obtained in the stream above 
the outfall, in the trickling filter effiu- 
ent, plant effluent and stream below 
the outfall cannot be explained satis- 
factorily on the basis of dissolved oxy- 
gen alone, since dissolved oxygen was 
present in all these locations. 

The third variable is the chlorina- 
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tion factor. Although there was no 
residual chlorine detected either 
from pre-chlorination treatment which 
might affect results in the primary 
effuent, or from _ post-chlorination 
which might effect the values obtained 
in the filter effluent, the final effluent 
and the stream below the outfall, it is 
conceivable that chlorination affected 
the results and might explain the ob- 
served differences. Post-chlorination, 
even in the absence of residual chlo- 
rine, could retard the accumulation of 
slime in the filter effluent, final effluent 
and the stream below the outfall, by 
reducing the numbers of microorgan- 
isms in the substrate and their conse- 
quent attachment and growth on sub- 
merg:i surfaces. It was apparent that 
there were several factors influencing 
the results, and a more detailed study 
was made of the influence of certain 
factors under controlled conditions. 


The Nature of the Surface 


Effect of the Size of Exposed Surfaces 
on the Amount of Slime Formed. 


Glass microscope slides (3 in. by 1 
in.) and larger glass plates (4 in. by 
4 in.) were immersed in a vertical po- 
sition in settled sewage, plant location 
(station 3), to determine the effect of 
size of exposed surface on the amount 
of slime produced. Slimes from slides 
and plates were sampled weekly. The 
first study was made when no chlo- 
rine was being used at the plant, and 
the second during pre-chlorination of 
the incoming sewage, prior to primary 
clarification. Only a portion of the 
raw sewage chlorine demand was satis- 
fied, and no residual chlorine was ever 
present. Result of both of these stud- 
ies are summarized in Table IV. 

The surface area exposed appeared 
to be significant, since the larger sur- 
faces of glass plates (approximately 
1.1 sq. dm.) had greater accumulations 
of slime at all sampling intervals than 
did glass microscope slides (approxi- 
mately 0.15 sq. dm.) under similar 


Vol. 28, No. 1 


TABLE IV.—Comparison of Accumulative Dry 
Weights of Slimes Forming on Glass Surfaces 
of Different Sizes Under Similar 
Field Conditions! 


Accumulative Dry Weight (mg. per sq. dm.) 


Days 
Immersed 

(No.) Glass Slides | Glass Plates 
(0.15 sq. dm.)} (1.1 sq. dm.) 


Weight Ratio 
(Plates/Slides) 


Unchlorinated, Settled Sewage 


6.4 29.1 4.5: 
14.7 279.0 19.0: 
13.9 103.2 7.4: 
16.4 191.3 11.6: 

6.4 156.5 24.5: 
Mean 13.4: 


>re-chlorinated, Settled Sewage 


6 8.7 
14 9.4 
21 63.7 
28 99.5 
35 200.5 


24.0 2.8:1 
19.1 2.0:1 
115.0 1.8:1 
122.1 1.2:1 
260.1 1.3:1 
Mean 1.8:1 


1 At station No. 3, primary clarifier effluent 
channel. 


conditions. The differential slime ac- 
cumulation on glass surfaces of differ- 
ent sizes was evident both in unchlori- 
nated and chlorinated sewage, and at 
all intervals, but the differences were 
greater in unchlorinated sewage. 


Effect of Type and Roughness of Sur- 
face on the Amount of Slime Formed 


The effect of type of surface was 
studied by comparing the amounts of 
slime formed on test plates of four 
materials of varying roughness; con- 
erete, Transite, glazed tile and glass. 
A specific roughness value for the sur- 
faces employed was not assigned. It 
was readily apparent by observation 
that concrete was the roughest surface. 
Differences in the roughness of other 
test surfaces were less obvious, glazed 
tile and glass appeared the smoothest, 
and Transite was intermediate in 
roughness. All plates were continu- 
ously submerged at the same location 
in the primary clarifier effluent channel 
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for similar periods. Type of surface 
was considered the only significant 
variable. 

Results of these studies (Figures 3 
and 4) indicate that the surface rough- 
ness was not a significant factor in the 
amount of slime formed. The primary 
film-forming period is the interval in 
which roughness of the surface would 
be expected to be most significant. The 
test results show that during the first 
week the slope of the weight line, and 
thus the slime growth rate, was great- 
est on Transite, followed by that on 
concrete, glass and tile. Transite was 
definitely not the roughest surface. 
This order held for the preliminary 
period (first week) in both field stud- 
ies. 

Long range growths in the unchlori- 
nated series appeared to be cyclic, 
reaching peaks followed by sloughing. 
Growth of slimes during the period of 
pre-chlorination follows a pattern of 
gradual increase. Pre-chlorination also 
appears to retard the growth rate, 


extending the period of film develop- 
ment from 13 days (in the unchlori- 
nated study) to at least 63 days; the 
latter period was the termination of 
the experiment, at which time the 
growths were still increasing but had 


not reached the maximum levels 
reached in the unchlorinated series. It 
appears that when the rate of growth 
is retarded by chlorination there is less 
sloughing. Weekly intervals of sam- 
pling in the unchlorinated series, with 
rapid and pronounced cyclic fluctua- 
tions, failed to indicate the actual lo- 
cation and height of the peaks. 


The Nature of the Immersion 
Medium 


Effect of Daily Replacement of the 
Substrate 


Laboratory studies were made to de- 
termine the weight of slime accumu- 
lated on glass slides in unchanged sew- 
age compared with similar surfaces in 
sewage that was changed daily. The 
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ACCUMULATED DRY WEIGHT MG. / DM 


CONGRETE 
TRANSITE 
GLAZED TILE 
GLASS 


40 50 60 


TIME - DAYS 
FIGURE 3.—Slime growth in primary effluent channel, unchlorinated sewage. 


alternate dipping method was em- 
ployed, and slides were removed for 
weighing every 2 to 4 days for a period 
of 18 days. 

The results of these studies (Figure 
5) show that rates of slime accumula- 
tion were similar for the first four 
days. After the primary film was 


formed, weight increases were gradual 
in unchanged sewage, but rapid in 
sewage changed daily. This growth 
pattern indicated either that nutrients 
became too limiting for rapid growth, 
or that the septic condition of the un- 
changed sewage was less favorable for 
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TIME - DAYS 
FIGURE 4.—Slime growth in primary effluent channel, pre-chlorinated sewage. 
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FIGURE 5.—Effect of sewage age on 
slime growth. 


To study the effect of daily batch 
change of sewage versus continuous 
flow on slime growth, the tank recircu- 
lation method was used. Similar vol- 
umes (36 1.) and depths (28 em.) of 
sewage were used, and the surface- 
volume ratios were similar (1.3 slides 
per liter). For batch change all sew- 
age was siphoned from the tank once 
every day and the entire volume of 
fresh sewage was added at one time, 
the liquid being retained in the sys- 
tem 24 hr. 

In the continuous flow procedure, 
sewage applied in the batch tank stud- 
ies was pumped to elevated bottles 
once daily, and was fed to the tanks 
gradually by automatic siphon feeds. 
The continuous flow was actually only 
the gradual addition of a batch of 
sewage during the following 24 hr. 
and not analogous to a continuous 
flow of fresh sewage. The ‘‘continu- 
ous flow’’ was actually a portion of 
the same sewage as that fed to the 
‘*batch’’ tank, except that the former 
was older and somewhat stale by the 
time it reached the tank (where it 
was mixed with sewage still older and 
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even more stale). In the latter pro- 
cedure, sewage was continuously re- 
moved by a siphon outlet. In the con- 
tinuous flow method there was a 
gradual accumulation of settleable sol- 
ids, and an increasing tendency for 
septicity to develop, both in the feed 
bottles and in the tank. 

As shown in Table V, the data in- 
dicate that slime growth was greater 
with daily batch change than with con- 
tinuous flow. The previous study 
(Figure 6) had indicated very sig- 
nificant increases with daily change 
as compared with unchanged waste, 
and differences were ascribed either 
to the depletion of nutrients or to in- 
creased septicity in the unchanged 
waste, or to both factors. In this 
study, equal volumes of the same sew- 
ages were used during the entire ex- 
periment, but the continuous flow 
method delivered staler sewage. The 
difference in daily versus batch change 
thus appeared to be due to septicity 
rather than to depletion of nutrients. 
Since both tanks contained zero dis- 
solved oxygen at all times, studies 
were made to evaluate the significance 
of the degree of septicity. 


Effect of Septicity on Slime Growth 


Different degrees of septicity, in 
otherwise similar recirculation tanks, 
were obtained by providing aeration 
in one tank, with no aeration other 
than surface reaeration in the control 
tank. Settled and screened raw sew- 
age was continuously fed to both 
tanks, utilizing similar detention pe- 
riods (12 hr.), volumes (12 1.) and 
depths (9.5 em.). As a measure of the 
degree of septicity, total sulfide con- 


TABLE V.-—Comparative Slime Growth by 
Batch and Continuous Flow Methods 


Dry Weight Increase (mg. per sq. dm.) 


Days 
(No.) 
Daily Change Continuous 
5 37.5 0.7 
17 
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TABLE VI.—Accumulative Dry Weight of 
Slime by Aerated and Unaerated Tank 
Recirculation Method 


Weight Increase! 


(ng. pet-ea. din.) Sulfides (p.p.m.) 


| Unaerated | Aerated 


Unaerated | Aeratex 


| 

a | 
32 | 0.1 
5 | 

12.5 | 


| 


! Average weight of 8 sikiea per interv: al for 
each condition. Exposed slide area, 0.4 sq 
dm. per slide 


tent of the 
mined. 

The results of these studies (Table 
V1) show that slime growth was 
greater in the aerated tank than in 
the control tank. Dissolved oxygen 
was absent in the control tank after 
the first day, while in the aerated tank 
dissolved oxygen was present on two 
additional days. Total sulfides were 
present in both tanks, but in consider- 
ably higher concentrations in the con- 
trol tank. Environmental conditions 
were identical both tanks with the 
exception of aeration. Aeration was 
not vigorous enough to maintain a dis- 
solved oxygen level at all times, but 
apparently was sufficient to decrease 
the reducing conditions in the sub- 
strate, with an accompanying increase 
in slime growth. 


tanks contents was deter- 


TABLE VII.—Effect of Sewage Dilution 
on Slime Weight Increases 


| Accumulative Dry Weight Increases! 
| (m per r dm.) 


Period "Sewage Concentration 


100 per cent | 50 per cent 


25 per cent 


0-7 days 7 8.8 

8-14 days 3.4 13.5 

0-14 days 13.1 20.8 22.0 


. pee ige weights of 8 slides per interval for 
each condition. 
Area exposed, 0.4 sq. dm. per slide. 
Screened, settled sewage. 
Submerged dipping 
changed daily. 


method; sewage 
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Effect of Dilution and Sewage B.0O.D. 
Level on Slime Growth 


The effect of dilution on slime 
growth in sewage was studied by the 
submerged dipping method, with daily 
batch changes of sewage. Raw, set- 
tled sewage was employed without di- 
lution (100 per cent). Aliquots of this 
same batch were diluted to 50 and 25 
per cent with tap water. Eight slides 
from each cylinder of each dilution 
were removed at sampling intervals, 
duplicate cylinders being used for the 
100 per cent sewage. 

Results presented in Table VII show 
that the least amount of slime formed 
in 100 per cent sewage. Slime growth 
in 50 and 25 per cent sewage did not 
differ widely, but both were signifi- 
eantly above the 100 per cent level. 
In general, there was an increase in 
slime growth with dilution. 

The possibility that there existed 
an optimum dilution or sewage 
strength led to the reexamination of 
these data to determine a relationship 
between B.O.D. and slime growth. A 
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FIGURE 6.—Relationship between sewage 


B.O.D. and slime growth. 
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plot of B.O.D. versus slime is given 
in Figure 6. The curve connects mean 
values for each sewage dilution, and 
indicates a definite decrease in slime 
growth with an increase in B.O.D. 


Effect of Added Glucose and Peptone 
on Slime Accumulation in Sewage 


An investigation was made to deter- 
mine if added carbonaceous or nitrog- 
enous food materials affected the 
amount of slime formed in domestic 
sewage. The submerged dipping 
method was used, since 12 different 
conditions could be studied simultane- 
ously using the same initial waste. The 
immersion medium was settled and 
screened raw sewage. Sewage was 
changed daily, and nutrients were 
added to aliquot portions of each 
batch. 

Glucose was employed as the car- 
bonaceous food, and peptone as the 
nitrogenous material. Concentrations 
of 5, 10, 25, 50 and 100 p.p.m. were 
studied for each of these nutrients, 
and a mixture of 100 p.p.m. of pep- 
tone with 100 p.p.m. of glucose was 
also studied. Slides were removed and 
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weighed after 5, 8 and 12 day periods 
of immersion. 

The data presented in Figure 7 in- 
dicate a gradual increase in the 
amount of the slime formed with an in- 
creasing concentration of either glu- 
cose or peptone, as well as with a mix- 
ture of the two. This trend was uni- 
formly evident for all three time in- 
tervals. Glucose produced greater 
stimulation than a similar concentra- 
tion of peptone, and the mixture pro- 
duced an increase practically equiva- 
lent to the added effect of glucose and 
peptone in separate concentrations. 
The addition of 100 p.p.m. of glucose 
will add approximately 60 p.p.m. of 
B.O.D. to the waste. The previous 
studies have shown that slime growth 
was inversely related to B.O.D., while 
these results show that the nature or 
availability of the oxidizable material 
is of greater significance than the to- 
tal concentration, expressed as B.O.D. 


Effect of Existing Filin on Subsequent 
Accumulation of Slime 


A study was made to determine the 
effect of the initial film accumulated 
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FIGURE 7.—Effect of added peptone and glucose on slime growth. 
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TABLE VIII.—Effect of Existing Film 
on Subsequent Slime Accumulation 


Submergence Period in Days 


1Submerged dipping method with daily 
change of settled and screened sewage. Aver- 
age weights of 8 slides per interval, 0.4 sq. dm. 
of area exposed per slide. 


on the subsequent amount of slime 
formed. The submerged dipping 
method, with daily batch changes of 
sewage, was employed for the study 
to permit a maximum number of repli- 
cate conditions. 

One-half of the initially immersed 
number of slides were removed, dried 
and weighed after 7 days. A similar 
number of new slides were inserted in 
place of those removed. The new set 
and the set previously immersed were 
submerged for 7 additional days. All 
the remaining slides were then re- 
moved, dried and weighed. 

Slime weight data presented in 
Table VIII show that the presence 
of previously formed slime resulted in 
a greater subsequent increase of slime 
than did the sum of the slime formed 
under the same conditions, but at two 
separate intervals. 


Effect of Velocity on Slime Formation 
and Sloughing 


The effect of velocity of flow on the 
rate of slime formation was investi- 
gated under field conditions. Four 
separate field studies were made, but 
only two are reported here because 
these include greater frequency of 
sampling. 

An open settled sewage channel at 
the sewage treatment plant was selected 
for this study, since the physical ar- 
rangement of the plant provided that 
individual primary clarifiers emptied 
into the same channel successively, 
with resultant increases in sewage flow 
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and velocity. In the two series reported, 
slides were immersed at the points of 
minimum and maximum velocities in 
the channel. Mean velocities were de- 
termined by a Gurley Current Meter 
at each of the selected locations. Meas- 
urements were made at various depths 
and rates of sewage flow. The chan- 
nel form was such that velocity at any 
one station was quite uniform over the 
flow range (4 to 9 m.g.d.) generally 
encountered. Mean velocities ranged 
from 0.40 ft. per second to 1.48 ft. 
per second. Variations in velocity were 
not over 0.24 ft. per second. In Study 
A, slimes were sampled daily for 7 
days and weekly thereafter until the 
sixth week. In Study B, daily sam- 
pling was employed for 15 days. Slide 
weight increases due to slime aceumu- 
lation, for both studies, are summar- 
ized in Table IX. 

Results show that up to the 7th day 
in Series A, and to the 5th day in 
Series B, the sampling point having 
the lower velocity exhibited a higher 
slime accumulation. After these pe- 
riods, however, the relationship re- 
versed itself, with the location having 
a higher velocity yielding higher 


TABLE IX.—Accumulative Slime Weights 
at Various Velocities in a Primary 
Effluent Channel 


Dry Weight (mg. per sq. dm.) 


Days 
Immersed 


Study A Study B 


Station 1} Station 4 Station 1| Station 4 


0. 
3 


4 
4 
2¢ 

8 
7 


om 


| 


147.4 
101.0 


Slides per 
interval (no.) 
Mean velocity 

(ft. per sec.) 


SS 
es Accumulative Dry Weight Increase! 
(mg. per sq. dm.) 
pa A 0-7 1.7 
B 8-14 3.5 
pe A+B 0-14 5.2 
C 0-14 13.2 
| 
= 
09 | 0.4 
13 | O4 
Beattie 6.5 0.7 
19.0 7.5 
31.7 25.9 
38.8 61.3 
59.8 100.8 
60.1 76.7 
ae 72.2 81.8 
~ 42.9 82.5 
124.0 1 5 
ee 54.8 | 143.8 98.2 
- 81.4 
182.9 105.4 — - 
51.6 | 230.4 
sae 0.4 1.48 0.4 1.48 
a4 
i, 
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amounts of slime growth. These ap- 
pear to be valid results, despite the 
two exceptions shown in later periods 
of Series A when sampling periods 
were once in seven days when the 
peaks might have been missed. The 
results in Series B, in which a daily 
sampling schedule was pursued for a 
period of two weeks, were more con- 
sistently higher at the location having 
a higher rate of flow. It appears that 
high sewage velocities retard primary 
film formation, but after a film is 
established the higher velocities result 
in greater growth through more rapid 
replenishment of the food supply to 
the fixed growth. 


Effect of Progressive Sewage Treat- 
ment on Slime Formation 


Results of a study comparing the 
slime growth in primary clarifier efflu- 
ent, trickling filter effluent, final clari- 
fier effluent and the receiving stream 
above and below the plant outfall have 
been presented in the general studies 


to illustrate field growth rates in sew- 
age. 

These data (Figure 3) show the 
maximum slime to be formed in pri- 
mary clarifier effluent, followed by the 
amount formed in the stream above 
the outfall, in the trickling filter efflu- 
ent, in the stream below the outfall, 
in the final clarifier effluent, in order 
of decreasing amounts. Since these re- 
sults were based on weekly sampling, 
and were made during plant opera- 
tion with pre- and post-chlorination, 
further investigations were needed. 

A study was made of slime growth 
in primary clarifier effluent and in 
final clarifier effluent, following treat- 
ment by trickling filters. Studies 
were made on microscope slides im- 
mersed in horizontal wooden holders, 
and slide weights are summarized in 
Table X. 

Slime weights for the anaerobic pri- 
mary clarifier effluent location were 
identical with those of the aerobic final 
clarifier effluent location for the first 
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TABLE X.—Accumulative Slime Weights 
in Primary Clarifier Effluent and in Final 
Clarifier Effluent 


Dry Weight (mg. per sq. dm.) 


Study A Study B 


Station 4*| Station 6t| Station Station 


Dio 


Soe 


on 


toe 

1111 B88 


3 


* Station 4 is in primary clarifier effluent. 
+ Station 6 is in final clarifier effluent. 


two days and were generally half as 
great from the second day to the 
seventh day. Thereafter, slime growth 
in the anaerobic location was slough- 
ing, as indicated by the weight de- 
crease, with a gradual increase to the 
14th day when sloughing again oc- 
curred. At the aerobic station, slime 
generally continued to increase dur- 
ing the entire 15 days, with very 
minor losses on the 9th and 10th 
days. 

The most significant environmental 
variable between primary and final 
clarifier effluents was the dissolved oxy- 
gen concentration. Velocity, B.O.D., 
suspended volatile solids, and seeding 
from the trickling filter may have been 
responsible for some minor variations, 
other factors were of no significance. 

Since slime ultimately accumulated 
to the same level at both low and high 
velocity flows in settled sewage, as 
shown in the previous section, the in- 
termediate velocity in the final clari- 
fier effluent would not be responsible 
for the fourfold difference in slime 
weight. 


7 
mmersed 
7 
6 
7 
9 
12 
13 
14 
4 15 
21 
28 
35 
3 Slides per 
interval 
P 
; 
4 
| 
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B.O.D. and suspended volatile solids 
were both significantly lower in final 
effluent. They are both related to food 
supply and, since slime _ increases 
rather than decreases were experi- 
enced, food was not considered to be 
a limiting factor. It thus appears that 
only the increase of D.O., from com- 
plete depletion in settled sewage to 10 
to 30 per cent saturation in final efflu- 
ent, was responsible for the 4- to 7- 
fold increase in the amount of slime 
present. 

Discussion 


The factors of slime growth studied 

fall into two categories: those associ- 
ated with the nature of submerged 
surfaces, and those associated with the 
character of substrate and the sur- 
rounding environment. The most im- 
portant characteristic associated with 
the nature of submerged surface is the 
degree of smoothness or roughness. 
This factor does not seem to exhibit 
an important relation to the ultimate 
quantity of slime formed. Smoothness 
of the surface may retard initial slime 
formation but, once a coating is estab- 
lished, the initial smoothness of the 
submerged surface is obliterated and 
the nature of the biological surface 
controls further accumulation. 
’ Evidence of a similar nature was 
obtained from work reported (8) in 
connection with studies of protective 
coatings or inhibitors incorporated in 
Complete inhibition of 
growth was not obtained even for short 
periods with any of 35 coatings, with 
or without special inhibitors and in- 
hibitors incorporated in concrete it- 
self. It follows that, unless an in- 
hibitor is used which completely stops 
slime formation, the slime once formed 
wi!l insulate the action of an inhibit- 
ing agent and further accumulation 
will take place on the slime surface 
rether than the original surface. 


Aerobic Vs. Anaerobic Conditions 


In general, it is not the nature of 
the surfaces, but rather the nature and 
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characteristics of the submerging me- 
dium that has an important bearing 
on slime formation. One of the most 
important environmental factors was 
found to be the presence or absence 
of oxygen in the substrate. Evidence 
obtained both from laboratory and 
field studies points to the conclusion 
that an aerobic environment produces 
more slime growth than an anaerobic 
environment. 

In laboratory experiments, a lower 
accumulation of slime was invariably 
obtained from static submergence, 
without induced motion of either the 
substrate or the submerged surface, 
than was obtained when motion was 
induced by various means. Under 
static conditions atmospheric reaera- 
tion would be limited and, with de- 
oxygenation brought about by the 
bacterial utilization of organic matter 
in sewage, anaerobic conditions would 
prevail. In the submerged dipping 
method, where the slides were moved 
through the liquid, lower accumula- 
tions of slime were produced than 
when the slides were alternately 
dipped into the sewage and exposed to 
the air; this may be taken as addi- 
tional evidence of the effect of a parti- 
ally aerobic condition. More direct ex- 
periments with the effect of septicity 
also lead to the same conclusion; 
namely, that a sewage with a greater 
degree of septicity does not yield as 
much slime growth. 

In aquaria studies, where velocity 
was imparted by a propeller, atmos- 
pheric surface reaeration was not suffi- 
cient to maintain aerobic conditions. 
A greater amount of hydrogen sulfide 
was produced, with less growth of 


slime, than in a similarly recirculated 
tank which was supplied with diffused 
air in addition to surface reaeration. 
In aquaria studies, the higher growth 
of slime with daily batch changes of 
sewage (as compared with continuous 
flow of sewage) is also attributed to 


the greater septicity produced by 
holding the sewage an additional 24 
hr. in the feed reservoir. 


| 
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The data obtained from field stud- 
ies, in respect to the amount of slime 
growth formed on slides submerged 
in the channel carrying settled sewage 
in contrast with the slime growth on 
slides submerged in the final effluent 
channel after treatment of the sewage, 
can also be interpreted on the basis of 
the influence of oxygen. The settled 
sewage does not contain dissolved oxy- 
gen, while the final effluent is well 
oxygenated. 

Slimes grow under anaerobic con- 
ditions as well as under aerobic, but 
the quantity of slime formed is greater 
where aerobie conditions prevail, such 
as activated sludge and trickling filter 
environments in which an adequate 
supply of air is provided. In sewers, 
tanks and channels carrying sewage, 
slime growth attached to the walls 
will be most pronounced near the air- 
water interface than at greater depths. 
Slime formation in overflow weirs is 
also a common phenomenon. 


Influence of Food Supply 


The second important factor in slime 
formation, is the concentration and na- 
ture of the organic material. The 
greater amount of slime growth ob- 
tained on slides alternately submerged 
and exposed with daily replacement 
of sewage, in comparison with the 
lower growth obtained from a similar 
procedure without changing the sew- 
age, should be interpreted as the in- 
fluence of food supply. In field stud- 
ies, the very high slime growths ob- 
tained in the stream at a location 
above the effluent outfall point to the 
eonelusion that high food conecentra- 
tions are not necessary to support ex- 
tensive growths. However, the addi- 
tion of glucose and peptone to sewage 
results in greater slime accumulation. 
This is attributed to a change in the 
character of the food rather than to a 
concentration effect. 


Other Factors 


Velocity of flow is the next impor- 
tant factor influencing slime growths. 
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It appears that primary slime forma- 
tion is more accelerated by low ve- 
locities (0.4 ft. per second) than by 
higher velocities (1.5 ft. per second). 
Subsequently, however, the higher ve- 
locities induce higher growths. 
Attention is also called to the cyclic 
nature of slime accumulation. After 
the rather slow period of primary film 
formation, there occurs a rapid ac- 
cumulation followed by sloughing of 
the slime growth. The sloughing is not 
followed by another lag period, but 
instead by a rapid growth—indicating 
that the sloughing does not completely 
remove the slime, but leaves some film 
to accelerate further accumulation. 
Experiments to determine the effect of 
an existing slime film on subsequent 
increased accumulation of slime sub- 
stantiate this view. The cyclic nature 
(accumulation and sloughing) of the 
slime growth makes it imperative that 
samples be taken at frequent intervals, 
lest some of the peaks and troughs of 
the cycle might be missed. The largest 
accumulations of slime also produced 
the widest variations due to sloughing. 


Summary and Conclusion 


Laboratory and field studies were 
made to evaluate the influence of cer- 
tain factors on slime formation in sew- 
age effluents after various degrees of 
purification, and in stream waters. 
The results lead to the following con- 
clusions : 


1. The nature and degree of rough- 
ness of the submerged surface does not 
affect the ultimate quantity of slime 
growth except during the initial period 
of submergence; during that period 
the smoother surfaces, such as glass 
and glazed tile, gave somewhat less 
slime accumulation than did concrete 
or transite. 

2. Aerobie environments produce 
more slime than anaerobic environ- 
ments. In the absence of dissolved 
oxygen, reducing conditions in the 
substrate are intensified and yield 
lower slime growths. 
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4. Both the nature and the concen- 
tration of available food affects the 
growth. There is evidence that 
slime growths increase when the food 
supply is reduced, either by artificial 
dilution or by removal and oxidation. 
The addition of glucose and peptone 
to the sewage also resulted in greater 
slime growths. 


slime 


4. Velocity of sewage flow influences 
the quantity of slime. During the 
primary slime formation period lower 
velocities (0.4 ft. second ) 
greater amounts of growth than higher 


per gave 


velocities. After the initial period, 
higher velocities induced greater 
crowths. 

5. Slime growths are cyclic. There 


is an initial lag period followed by a 
rapid accumulation, and then by a 
sudden decrease attributed to the 
the attached growths. 
This phase is not followed by another 
lag period, but instead by another 
rapid slime accumulation 
and then by sloughing of the growths. 


sloughing of 


period of 
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AN INVESTIGATION OF THE TREATMENT OF 
CABIN CRUISER WASTES * 


By T. 


Adjunct Professor, College of Engineering, New York University, New York, N. Y. 


A paper (1) by Ingram and Dia- 
chishin presents the essential details 
of the problems created when cabin 
cruisers, at anchor in sheltered waters, 
serve as a base of activities during 
summer cruises and weekend outings. 
Water pollution in the vicinity of 
cruiser anchorage is associated with 
activity aboard the craft, particular 
types of activity, boat concentration 
about a given sampling point, and the 
physical and tidal characteristics of 
the receiving water body. The physi- 
eal evidence of freshly discharged 
bodily wastes in sheltered waters float- 
ing a temporary population is an ade- 
quate warning of the public health 
hazards and suggests strongly the need 
for treatment of cabin erniser waste 
discharges. 


Problem of Treating Waste 
Discharges 


Except for the more palatial craft, 
cruisers have little room for placement 
of equipment. Any treatment: require- 
ment involving extensive ecubage or 
weight is almost prohibitive regard- 
less of its effectiveness. Types of 
wastes to be disposed include: (a) 
the bodily wastes; (b) organic refuse 
developing from food preparation; 
and (¢) miscellaneous refuse includ- 
ing paper, cans, bottles and rags. 
These wastes become important in the 
order named. Bodily wastes, though 
small in volume, offer the greatest 
public health hazard and the biggest 
problem in handling. 

* Presented at 1955 Joint Meeting, New 
York Sewage and Industrial Wastes Assn. 
and New England Sewage and Industrial 


Wastes Assn.; Albany, N. Y.; June 13-14, 
1955. 


Galley refuse wastes can be held in 
containers and later carried to shore 
along with the miscellaneous refuse. 
However, any attempt to hold bodily 
wastes in containers pending later 
transfer to shore facilities would be 
objectionable to the cruiser occupants 
even if the craft were provided with 
storage tanks of sufficient capacity. A 
more satisfactory handling of both 
galley refuse and bodily wastes would 
consist of a method whereby the 
cruiser occupants would discharge 
these wastes to water after acceptable 
treatment. Criteria for such treat- 
ment include: 


1. Destruction of waste identity. 

2. Elimination of floating solids. 

3. Minimization of hazard to bath- 
ers. 

4. Minimization of hazard to shell- 
fish beds. 

5. Minimization of space and weight 
requirements for treatment equipment. 

6. Minimization of operation and 
maintenance requirements of treat- 
ment equipment. 

7. Simplification of treatment con- 
trols so that craft occupants will, 
with a minimum of effort, place the 
treatment processes in operation when- 
ever required. 


The general objective of the present 
study was that of determining what 
method of treatment of small pleasure 
eraft wastes might be practical and 
feasible in minimizing the pollution of 


protected harbors. Investigations were 
directed to a study of chlorination and 
maceration of wastes and an evalua- 
tion of the bactericidal efficiency of 
the treatment. 
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Laboratory Procedures 


Standard methods were followed as 
closely as possible. The procedures 
used are described below. 

To determine the M.P.N. of coli- 
forms in feces the following method 
was used. 

A weighed specimen was macerated 
thoroughly in a laboratory mixer with 
400-500 ml. of water. The sludge was 
then added to additional water and 
made up to a volume of 51. The vol- 
ume of flushing water on cabin cruis- 
ers varies widely. Hence, 5 1. was 
chosen as a volume representing mini- 
mal flushing and offering a heavy con- 
centration of bodily wastes requiring 
treatment. 

Samples of thoroughly mixed liquor 
were then transferred by the standard 
series dilution technique to three lac- 
tose broth culture tubes for each of 
six dilutions from 10-* through 10°°. 
Gas formation was considered a posi- 
tive indication of the presence of coli- 
forms. 

On some samples plate counts (10-° 
through 10-°) on agar were also made. 
Plate counts suggested strongly the 
presence of inhibitory substances in 
the lower dilutions and in reporting 
plate counts only the higher dilution 
counts were used (10-° and higher). 

The procedure used for screening 
tests on chlorine dosage was as follows. 
Samples were macerated and mixed 
as for M.P.N. determination.  Por- 
tions containing 500 ml. were trans- 
ferred to beakers containing the re- 
quired amount of chlorine’ and 
thoroughly mixed. After 15 min. ali- 
quot portions were removed to bottles 
containing sodium thiosulfate and 
shaken well. The standard series di- 
lution technique (0.1, 0.01 and 0.001 
ml. portions in lactose broth) was then 
followed. Tubes were read at 24 and 
48 hrs. Presence of gas was considered 
a positive indication of the presence 
of coliforms. 

A pilot plant for treatment of 
wastes was set up in the laboratory. 
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The plant comprised a standard house- 
hold food wastes grinder, a holding 
tank with overflow set at 20 1. ca- 
pacity and a discharge and sampling 
line. Procedure used in the pilot plant 
study included the following sequence. 

A single test required six specimens 
of bodily waste including feces, urine, 
and paper. Each specimen was col- 
lected in a waterproof bag and stored 
at — 20° F. until required. Six speci- 
mens were thawed out at room tem- 
perature until completely unfrozen. 
Each specimen was weighed to the 
nearest 0.1 g. The specimen together 
with 5 |. of sea water made up one 
charge. A volume of chlorine water 
made up to give the required dosage 
in 5 1. of water was then added with 
the charge to the grinder and dis- 
charged to the holding tank. Each 
succeeding charge was added at 10 
min. intervals. The tank held the 
mixture until admittance of the fifth 
charge. Five liters of ground waste 
mixture overflowed after 40 min. and 
again after 50 min. During the hold- 
ing period the tank mixture was 
stirred or rocked gently. A bottom 
opening wooden baffle in the tank 
prevented direct overflow of floating 
foam. Samples were taken on the out- 
let side of the baffle after 30 min. 
detention in the holding tank and from 
the discharge pipe after 40 and 50 min. 

One portion of the 50 min. sample 
was dechlorinated with sodium thio- 
sulfate; another 250 ml. portion was 
macerated with a laboratory mixer and 
then dechlorinated and 1 |. was placed 
in an Imhoff Cone. Series dilutions 
for coliform determination were ecar- 
ried out according to the standard 
methods previously described. Imhoff 
Cone readings were taken at 30 and 60 
min. and held for several days for 
observation. The starch-iodide method 
was used to determine chlorine residu- 
als. 


Results of Investigation 


The first series of investigations 
were intended to determine roughly 
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TABLE I.—Laboratory Determination of Coliform M.P.N. in Feces 


Sample 


Org./g. of Feces 
(107) 


Average 
Excluding B 30 


0.584 
162.791 
0.511 
1.042 
2.778 
15.110 
30.5 
4.0 


levels of coliform density to be used 
as a measure of the magnitude of coli- 
form density to be removed by treat- 
ment. A few plate counts were made 
also to gain some idea of the bacterial 
population that might grow on agar at 
37° C. Several textbooks and refer- 
ences were reviewed, and queries were 
directed to others of the staff in an 
effort to find information that could 
be used as a check on results obtained. 
Prescott, Winslow and MecCrady (2) 
have indicated that coliform density 
may vary from 5 million to 500 mil- 
lion per gram of feces. 

Six samples of feces were examined 
for coliform density and the results 
are summarized in Table I. 

Specimens ranged in weight from 
36 to 77 gr. and the average of six 
specimens was 45.4 gr. M.P.N.’s were 
extremely variable, ranging from 9 x 
10* to 14 x 10° per ml. An approxi- 
mate average M.P.N. based on selection 
and interpretation of significant num- 
bers was 2,580 « 10° per ml. Exclud- 


ing one unusually high result the 
M.P.N. would be 310 x 10° per ml. 
Translating these data to organisms 
per gram of feces is not mathematically 
accurate, but will serve to indicate 
magnitude of coliform density. A 
range of 5.8 x 10° to 1,630 x 10° was 
found. The average of six specimens 
was 305 x 10° and by excluding the 
high sample the average was 40 x 10° 
coliform per gram of feces. 

Table II summarizes the data ob- 
tained from plate count determinations. 
The range of samples was 2 xX 10° 
to 192 x 10"* with an average of 62 x 
10** organisms growing at 37° C. per 
gram of feces. If the low sample count 
(obviously inhibited growth) is ex- 
cluded, the average of three samples 
would be 83x 10'* organisms per 
gram of feces. 

Table III indicates the results of 
screening tests intended to show the 
effect of chlorination on coliform den- 
sity of macerated feces in water. 

Three series of tests using chlorine 


TABLE II.—Laboratory Determination of Fecal Organisms Growing on Nutrient Agar 


Plate Count 


Sample 


Org./ml. 


Org./g. of Feces 
(101) 


3X 10° 
2,814 107 
476 X 10° 
1,383 XK 10° 
Average 
Excluding A 


0002 
3.2721 
54.0909 
192.0833 
62.4 
83.2 


r 

95 

Test Org./ml. 

(g.) a.) 

A 9X 105 9 77 5 

| B 140X105 1,400 43 5 

k C 4.5X10¢ 4.5 44 5 

D 75X10 75 36 5 

E 20x 10° 20 36 5 

F 110X10* | 36.4 5 

ae 

| 

: 

Feces Vol. = 

0.003 77 5 tae 
28.14 43 5 ue 
476.0 44 5 
1,383.0 36 5 
472.0 50 5 shite, 

| 629.0 
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TABLE IIl.—Effect of Chlorination on M.P.N. of Coliform Organisms 
in Macerated Feces in Water 


Series 


Chlorine 
mg./g.) 


1400 + | 
1400+ | 
1400+ 
1100+ 
1100 + 
200+ 


yt. 36 g.; each sample. 
rt. 36 g.; each sample. 
rt. 36.4 g.; each sample. 


dosages ranging from 5 p.p.m. to 90 
p.p.m. showed that practically all coli- 
forms were killed at dosage above 11 
mg. of chlorine per gram of feces when 
held for 15 min. 

A summary of averaged results 
(Table IV) obtained when chlorinat- 
ing and grinding, and holding bodily 
wastes for a period of time (minimum 
10 min.; maximum 50 min.) suggests 
that a nominal chlorine dosage of 200 
p.p.m. is necessary to insure reason- 
able disinfection. There were 
differences between the ground waste 
discharge and the same waste sub- 
jected to additional maceration, but in 
only one test run at a nominal chlo- 
rine dosage of 200 p.p.m. was the 
macerated waste of lower M.P.N. den- 
sity than the ground waste. It was 
reasoned that secondary maceration 
would expose additional organisms to 
chlorination if the original grinding 
were inefficient. For reasons unknown 
two tests with an average chlorine 
content of more than 13 mg. per gram 
of feces gave a higher coliform density 
in the discharge than did three others 
at 7 to 8 mg. of chlorine per gram of 


feces. 


some 


Chlorine 
(mg./g.) 


Chlorine 
(mg./gz.) 


1400 + 
1400-4 
1400 + 
1100 6.85 
95 8.22 
9.59 
10.96 
12.33 


Further analysis of chlorine dos- 
ages with 200 p.p.m. chlorine are pre- 
sented in Table V. The average weight 
of discharge specimens including 
feces, urine and paper was 154.1 g. 
with average variations from 125.6 to 
217.5 g. Among 30 individual speci- 
mens in the 200 p.p.m. available chlo- 
rine series the least weighed 22 g. 
and the greatest weighed 463 ¢. Av- 
erage chlorine application varied from 
7.01 to 13.41 mg. per gram of speci- 
men with applications to individual 


TABLE IV.—Summary of Laboratory Pilot 
Plant Results on the Chlorination, 
Grinding and Maceration 
of Cruiser Wastes 


| Chlorine Dosage 
mg./g. sample 


Discharge! 


Test p.p.m 


1 
3 
4 


Macerated 


|M.P.N. Discharge 


Aver. | Max. 
100 2.56 3.69 | 
140 

180 | 3.26 53 | 56} 250 

200 | 3.86] § | 110 

200 | 5.37 | 13.41 | 44.84 | 1400+ 
200 | 4.15 | 13.32 | 2: | 1100 

200 

200 


'There was no detectable chlorine residual 
in any of the discharge samples 
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specimens ranging from 2.1 to 44.8 mg. 
per gram of specimen. 

Coliform density for the 200 p.p.m. 
available chlorine series is somewhat 
erratic. However, the average M.P.N. 
for the five tests shows a reduction 
with increased chlorination time and 
the overflow discharge M.P.N.’s are in 
the range of reasonable reductions for 
concentrated sewage. Calculated by 
the arithmetic average method the 
discharges at zero time and + 10 min. 
(sixth charge to holding tank) con- 
tain an M.P.N. of 320 and 530 eoli- 
form per milliliter respectively, while 
the latter sample macerated showed 
an M.P.N. of 370. Caleulated by ‘the 
log average method these M.P.N.’s are 
147 and 109 for 0 and + 10 min. dis- 
charges and 134 for the macerated 
sample. If test No. 5, which showed 
an extremely high M.P.N. at all times 
except the zero discharge were ex- 
cluded, the M.P.N.’s would be 146, 
57 and 75 respectively by logarithmic 
average. 

Table VI offers information on set- 
tling characteristics and particle size. 
It will be noted that the sewage cre- 
ated in these experiments is quite con- 
centrated with a charge of 2 to 4 per 
cent of the total weight. Settleable 
material settled rapidly leaving a 
brown colloid-like suspension in the 
supernatant. From 20 to 40 ml. per 
liter settled in 30 min. and from 21 
to 44 ml. per liter settled in 60 min. 
It is of particular interest to note 
that even after one week of standing 
at room temperature no gas formation 
could be observed and no floating ma- 
terial developed. The supernatant 
liquor remained turbid. Apparent 
maximum particle size after grinding 
was 5mm. The number of such par- 
ticles was limited. However, most 
of the material was less than 1 mm. in 
diameter. 


Coliform Density 
(Org./g. charge) 


Effluent from Holding Tank 
Overflow Time (Min.) 


| 


mg./sample 


mg./kg. 


Chlorine Dosage 


| 


Average 


Weight 
(g./sample) 


Samples 
(No.) 
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Practicability of Treatment 


Av. excl. Test No. 5 
Log. Av. excl. Test No. 5 


Av. (5) 


Total 
Log. Av. 


On the basis of these laboratory 
studies it seems efficient to treat 
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TABLE VI.—Settling Characteristics and Particle Size, 


Ground and Chlorinated Wastes 


January, 1956 


| er Imhoff Cone 
No 4 by Size 
| Weight 30 min. 60 min. (mm.) 
l 145.5 3.69 2.7 20 21 1 
2 156.3 4.94 2.9 38 41 5 
3 175.9 7.53 3.3 40 42 5 
4 140.5 8.71 2.4 40 44 5 
5 | 125.6 13.41 2.4 20 21 5 
6 104.4 13.32 24 21 23 3 
7 | 217.5 8.24 4.0 25 26 5 
S 182.3 7.01 3.4 22 24 3 
Av. | 156 28.2 30.2 
ground bodily wastes with chlorine at should not exceed 25 gal. Such a vol- 


rates of 8 to 14 mg. per gram of waste. 
Provision must be made for a holding 
tank of suitable capacity to provide 
for the mixing of the tank contents 
and a chlorine contact time having a 
theoretical maximum retention time 
of 25 min. and a minimum retention 
time of 10 min. 

Effluent diluted with the receiving 
water on which cabin cruisers will 
float should be non-detectable in a short 
period of time following discharge, 
since the material either settles rap- 
idly or is finely divided and easily 
dispersed. 

It is unlikely that a proportioning 
device would be installed to weigh and 
dose individual charges from the toilet. 
Hence the weight ratio is useful only 
for estimating an approximate volu- 
metric chlorine dosage. It may be as- 
sumed from these study data that a 
dosage of 1,500 mg. of chlorine per 
charge will secure an adequate kill 
of organisms in ground wastes with 
10 to 25 min. detention time. Thus, 
if the volume of water flushing is 
known or can be regulated the nomi- 
nal chlorine dosage in parts per mil- 
lion can be established. A _ holding 
tank capacity of 10 times this flushing 
volume should provide adequate hold- 
ing time for most, if not all possible 
variations in toilet usage. Even if the 
flushing water volume was comparable 
to residential usage, the tank volume 


ume does not appear unreasonable in 
cubage or weight requirements on a 
eabin cruiser. 

A more serious problem occurs in 
the determination of a grinding unit. 
The food waste disposal unit used in 
the laboratory is heavy and would not 
fit too well into a drainage system 
leading from the toilet. It is more 
massive than need be for the char- 
acter of wastes to be ground. 

Ideally the grinding unit for bodily 
wastes should be compact, light-weight 
and capable of shredding paper, rags, 
sanitary napkins, and bodily wastes to 
less than 5 mm. in size. It should fit 
into a closed system operating under 
pressure if need be. The unit should 
be powered suitably to operate on the 
electrical system of the eruiser. In 
addition, the unit should be so con- 
trolled that it will run each time the 
toilet is flushed. 

The complete unit for treating bod- 
ily wastes should inelude a stool and 
provide for: 


1. Water flushing with controlled 
volumes of water. 

2. Adding chlorine in controlled 
quantity dependent on the water vol- 
ume, but equal to not less than 1,500 
mg. per charge. 

3. Grinding all the discharge to a 
size less than 5 mm. and preferably 
less than 3 mm. 
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4. Holding about 10 flushing vol- 
umes of ground and chlorinated 
wastes for 40 to 60 min. to provide 
an excess chlorine contact time as a 
safety factor. 

5. Controlling the discharge volume 
from the holding tank equal to the 
charge volume from the toilet. 

6. Draining, flushing, and cleaning 
the entire system periodically. 


Conclusion 


These investigations suggest that it 
is feasible and practical to develop 
a process for treating bodily wastes 
in either fresh or sea water by means 
of grinding, chlorination and chlorine 
contact detention. Investigations con- 
ducted on a field pilot plant scale 
and incorporating these features merit 
further consideration. 


Summary 


Previous studies have shown that un- 
treated waste discharges from cabin 
cruisers at anchor in protected harbors 
can create a hazard to bathers swim- 
ming in those waters, and to shellfish 
beds lying under those waters. 

A method of treatment of bodily 
wastes has been studied in the labora- 
tory and the effectiveness of that 
method in reducing coliform density 
of toilet charges has been evaluated. 

Studies of coliform density indicate 
a range of 5.8 x 10° to 1,630 x 10° 
organisms per gram of feces. After 
grinding, chlorination and detention, 
coliform densities can be reduced ef- 
fectively. With average chlorine dos- 
ages of 10 mg. per gram of toilet 
charge, the coliform density is reduced 
to an over-all approximation of 4,500 
organisms per gram of feces with 
grinding only and to 2,700 organisms 
per gram with subsequent maceration. 
In terms of M.P.N. in the volumes of 
waste used, the log average of the final 
discharge water was 109 M.P.N. per 
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milliliter. Average weight of all toilet 
charges was 154 gr. per charge. Solids 
settled readily in Imhoff cone tests and 
averaged 28 ml. in 30 min. No ac- 
tivity was observed in samples held in 
the cone for a week at room tempera- 
ture and the settled sludge remained 
settled. Maximum particle size after 
grinding was approximately 5 mm. 

A chlorine dosage of about 1,500 
mg. per charge of material appears 
to give effective reduction of coliforms 
when successive charges of ground 
wastes are held in contact with chlo- 
rine over a_ period of 20 min. 

Various parts of a unit for treating 
wastes aboard cabin cruisers are sug- 
gested. 

In the laboratory it was demon- 
strated that bodily wastes could be 
treated by grinding and chlorination 
to reduce coliform density and to ob- 
tain solids having good settling char- 
acteristics. Such wastes, discharged 
to a receiving body of water large 
enough to float a cabin cruiser, should 
disperse and be disposed of without 
serious hazard to health or creation of 
aesthetic nuisances. 


Acknowledgment 


The work described herein was per- 
formed at New York University, Col- 
lege of Engineering, under sponsorship 
of the Interstate Sanitation Commis- 
sion. The support and counsel of Mr. 
Seth G. Hess, Chief Engineer, and Mr. 
Alex Diachishin, Principal Engineer 
of the Commission, were essential to 
the conduct of this research. Their 
assistance is appreciated. 


References 


1. Ingram, W. T., and Diachishin, A., ‘‘ Ef- 
fect of Cabin Cruiser Waste Discharge 
on a Small Harbor.’’ Proc. Amer. Soc. 
Civil Eng., Sep. No. 455 (June, 1954). 

2. Prescott, S. C., Winslow, C. E. A., Me- 
Grady, M. C., ‘‘ Water Bacteriology.’’ 
6th Ed., pp. 188, John Wiley & Sons, 
New York, N. Y. (1946). 


3 
| 
eat 
“4 
H 
if 
4 
: 
y 
: 
f 
: 
5 
Bo”. 
4 
SS 
ese! 
2 
he 
ay) J 


THE OPERATOR’S CORNER 


ConpucTEeD BY Donaup P. ScHIEsSwoHL 


The flotation of solids has been prac- 
ticed for over a century. An excellent 
review of the development of flotation 
by G. A. Rohlich (1) develops the 
history of flotation from the early 
separation of mineral ores to the use 
of finely divided air bubbles for the 
flotation of solids. 


Racine Sewage Treatment Plant 


The Racine Sewage Treatment Plant 
is a primary treatment plant with 
separate sludge digestion and chlori- 
nation, serving a highly industrialized 
community of 75,000. The flow to the 
treatment plant is variable in quantity 
and quality and this variation corre- 
sponds to conditions usually found in 
municipal sewage treatment plants. 

The sewers in Racine were built over 
a period of 70 yr. During the early 
years of sewer construction the size 
and grade of the lines were not as 
carefully chosen as they are today. 
The materials and workmanship also 
were not of the same quality as now, 
nor was the work as carefully super- 
vised. The natural terrain of the area 
was of assistance in maintaining good 
flow conditions. The first sewers were 
built for combined flow, while in later 
years there has been an extensive pro- 
eram of storm sewer construction. 
However, a large area served by storm 


* Presented at 1955 Annual Meeting, Cen 
tral States Sewage and Industrial Wastes 
Assn.; Rochester, Minn.; June 22-24, 1955. 


AIR FLOTATION STUDIES OF SANITARY SEWAGE * 


By Tuomas T. Hay 


Superintendent, Sewage Disposal Plant, Racine, Wis. 


sewers still has roof water discharging 
to the sanitary sewers. 

The major industries in Racine are 
engaged in various metal finishing 
processes. Accordingly, the character- 
istics of the sewage are not subject to 
any unusual seasonal variations. The 
daily flow has increased since the plant 
was put in operation in 1938 and twice 
the average daily flow for a month 
has exceeded double the designed ¢a- 
pacity of the treatment plant. The 
variation in day and night flow follows 
a normal pattern ranging from 72 per 
cent of average to a maximum of 130 
per cent. The strength of the sewage 
has a variation of 3 to 1 between the 
day and night flows. 

The treatment facilities at the Ra- 
cine sewage treatment plant consist of 
the following: 


1. Pre-chlorination 

2. Commutation 

3. Grit removal 

4. Clarification 

5. Post-chlorination 

6. Sludge digestion 

7. Sludge drying and grinding 


Air Flotation Pilot Plant 


Expansion of the clarification fa- 
cilities at the Racine sewage treatment 
plant is contemplated. Conversion of 
an existing clarification basin to flota- 
tion seems to offer an economical 
method for increasing the plant ca- 
pacity. To evaluate the flotation proc- 
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FIGURE 1.—The air flotation pilot plant. 


ess a ‘‘Float-Treat’’ ¢ pilot plant (Fig- 
ure 1) was studied as a means for 
primary treatment of the Racine mu- 
nicipal waste. 

The flow to the pilot plant was ob- 
tained from the channel which carries 
the grit chamber effluent to the pri- 
mary clarifiers. The flow was pumped 
to a weir box that had fixed side weirs 
to maintain a constant level. An 
adjustable 90° V-notch weir was pro- 
vided to meter the flow to the flotation 
unit. 

Figure 2 shows the general flow dia- 
gram of the flotation process. The 
influent enters the mixing zone just 
before the reeyele distribution header, 
where it is mixed with the air-charged 
recirculated effluent (recycle). The 
flow then passes through a slotted 
baffle into the flotation tank where the 
solids are floated and skimmed from 
the surface. The clarified liquid is 
withdrawn from the lower portion of 
the tank. A portion of this clarified 
effluent is recirculated under pressure 
by a pump and air is introduced. The 


t Equipment manufactured by the Chain 
Belt Co., Milwaukee, Wis. 
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Note the slotted influent baffles. 


recirculated flow is measured with an 
orifice plate and a manometer and the 
air is measured by a ‘‘Flowrater’’ and 
introduced into the discharge line from 
the pump. The air-water mixture is 
held in a pressure tank for a short 
period of time to permit the air to 
dissolve in the water. This solution 
is then discharged through a pressure 
regulator valve and the recycle distri- 
bution header. The finely divided air 
bubbles are released from the solution 
and begin the flotation action when 
the pressure is reduced. The flow 
through the flotation chamber is in a 
horizontal direction and the solids are 
skimmed continuously with flights and 
collected in a hopper. Figure 3 shows 
the influent end of the flotation cham- 
ber. Here the finely divided bubbles 
earry the solids to the water surface 
and the top-sludge blanket forms. 


Pilot-Plant Operation 


This pilot plant was installed and 
the operation was started on May 6, 
1954. During the first two weeks op- 
erating personnel acquainted them- 
selves with the operation of the unit. 
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A program of operation was then 
established and grab samples were col- 
lected. From these first determinations 
it was found that by observing the 
flotation action and scum density, a 
close estimate could be made of the 
efficiency of the unit’s operation. Sev- 
eral difficulties as a result of the small 
size of the unit were also ironed out. 

Following this break-in period the 
plant personnel knew what operation 
was wanted and the unit was put on 
a continuous run. Variations in op- 
erating procedure always were made at 
7 aM, so that a 24-hr. test was possible 


FIGURE 3. —Upstream view of the influent 
end of the air flotation unit. 
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SECTION A- A 
FIGURE 2.—Schematic diagram of the air flotation pilot plant. 


with each setting of the air supply. 
Samples were composited on a 12-hr. 
basis, from 7 am to 7 pm and from 7 
pm to 7 aM. During the time of the 
test operation one of the wettest pe- 
riods of weather was experienced since 
the Racine treatment plant was built. 
The night flows were so diluted that 
they were worthless in evaluating the 
operation of the unit. The suspended 
solids in the influent were often less 
than 50 p.p.m. 


Air Pressure 


Several test runs were made varying 
the pressure under which the air was 
dissolved in the recirculated effluent. 
These variations in pressures ranged 
from 10 to 50 p.s.i. An operating 
range of 30 to 40 p.s.i. gave the best 
results, producing a satisfactory efflu- 
ent and a sludge of good quality and 
quantity. When the pressure was re- 
duced to 25 p.s.i. the quantity and 
density of the sludge was reduced 
slightly. A sharp reduction in per- 
formance efficiency was observed when 
the pressure was reduced to 20 p.s.i. 
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Recirculation 


The recirculation rate and the de- 
tention time under pressure are inter- 
dependent. Because the volume of the 
pressure tank was fixed, reducing the 
recirculation rate increased the deten- 
tion time in the pressure tank. The 
lower limit of the recirculation rate 
for satisfactory performance was 20 to 
23 per cent of the influent flow. There 
was a sharp decrease in performance 
efficiency below 20 per cent. This per- 
centage remained constant regardless 
of the flow rate. The upper limit was 
not as clearly defined, because at re- 
circulation rates greater than 50 per 
cent the flow rate exceeded the de- 
sign capacity of the pressure tank. 


Detention 


The graph (Figure 4) shows the 
effect of detention time and rate of air 
feed on the percentage saturation. 
These saturation values were obtained 
by volumetric measurements of the air 
supplied and the excess air leaving the 


pressure tank. The amount going into 
solution was caleulated as the differ- 
ence between the two measurements. 
Corrections were made for standard 
conditions. 

To get good flotation, air saturation 
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of 40 per cent or more is needed. This 
ean be accomplished in two ways: (a) 
by using greater quantities of air or 
(b) by increasing the detention time. 
To reduce the detention time to one- 
half, would require two and one-third 
times as much air. 

The effect of detention time under 
pressure as well as the amount of air 
injected, has a definite bearing on the 
degree of saturation. This is shown 
by the results obtained from injecting 
air at rates varying from 0.58 to 1.4 
cu. ft. per 100 gal. of recirculated flow. 
With one minute detention time the 
amount of air in solution varied from 
20 to 35 per cent of saturation. When 
the detention time was increased to 
1.28 min., the amount of air dissolved 
was 37 to 63 per cent of saturation. 
With a detention time of 2.44 min., the 
amount of dissolved air was 36 to 97.5 
per cent of saturation. 


Test Data 


This pilot plant was operated for 
eight months and considerable data 
were acquired. The unit was operated 
both above and below the designed ca- 
pacity and when possible at a flow 
where solids separation was unsatis- 
factory. Because of the wet weather 
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FIGURE 4.—Effect of detention time and air rate on percentage saturation of air in water. 
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TABLE I.—Air Flotation Test Results 
at 25 g.p.m. 


Test Runs! 
Item 


June | June 11 


June 18] June 7 


Recirculated flow: 
Gal 
Per cent 
Detention time 

min.) 

Susp. Solids 
Influent (p.p.m.) 
Effluent (p.p.m.) 
Reduction (% 

Solids in sludge (%) 


‘ Air feed is 10 cu. ft. per hour, air pressure is 
40 p.s.i. 


conditions and other reasons, only a 
part of the data will be given here 
for comparative purposes. 

The data (Table 1) were obtained 
from daytime samples with the unit 
operating at the designed capacity of 
25 g.p.im. The detention time in the 
flotation zone varied from 15 to 19 min. 
depending upon the recirculation rate. 
The increased detention time of the re- 
circulated effluent (1.0 to 1.67 min.) 
offset the effect of the reduced per- 
centage of recirculation in the range 
of 30 to 50 per cent recirculation. At 
20 per cent recirculation, a lower re- 
moval in suspended solids was ob- 
served, in spite of the compensating 
effect of the increased detention time 
in the pressure tank which was 2.5 
min. The solids concentration of the 
sludge ranged from 8.23 to 9.65 per 
eent. Solids concentrations greater 
than 16 per cent were obtained in some 


TABLE II.—Air Flotation 


January, 1956 
tests. This concentration was too high 
to be handled easily under normal op- 
erating conditions. 

The influent flow was reduced to 
18.75 g.p.m. which increased the de- 
tention time in the flotation chamber. 
In the data shown in Table II, this 
detention time varied from 20 to 25 
min. and the solids removal efficiency 
was good even at 20 per cent recircu- 
lation. This may have resulted from 
the longer detention periods of the re- 
circulated flow in the pressure tank. 
The efficiency decreased with less than 
20 per cent recirculation, but no values 
are shown because of difficulties in 
maintaining a constant recirculation 
flow at this rate for a 12-hr. period. 
Suspended solids removal varied from 
53 to 64 per cent for the recirculation 
rates tested. The sludge concentration 
varied from 5.23 to 9.27 per cent 
solids. 

The data given in Table III were 
obtained using an influent flow of 12.5 
g.p.m. The solids removed varied 
from 56 to 74 per cent for the recireu- 
lation rates used. The percentage re- 
circulation could not be held constant 
at less than 30 per cent because of the 
low fiow. The sludge concentration 
ranged from 7.48 to 9.77 per cent 
solids. 

3ased on the conditions studied, flo- 
tation will produce satisfactory sus- 
pended solid removal over a wide 
range of operating variables. The de- 
gree of treatment for a particular sew- 


Test Results at 18.75 g.p.m. 


Recirculated flow: 

Gal. 

Per cent 

Detention time (min.) 
Susp. solids: 

Influent (p.p.m.) 171 

Effluent (p.p.m.) 65 

Reduction (%) 62 
Solids in sludge (%) 8.48 | 


Test Runs! 


Juiy 14 


July 15 


3.75 


1 Air feed is 10 cu. ft. per hour, air pressure is 40 p.s.i. 
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TABLE IlI.—Air Flotation Test Results 
at 12.5 g.p.m. 


Test Runs 
Item 
June 28 | June 29 | June 30 
Recirculated flow: 
Gal. 6.25; 5.0 3.75 
Per cent 50 40 30 
Detention time 2.0 2.5 3.33 
(min.) 
Susp. solids: 
Influent (p.p.m.) 185 177 183 
Effluent (p.p.m.) 80 40 82 
Reduction (%) 57 74 56 
Solids in sludge (%) 7.48| 9.77 8.69 


' Air feed is 10 cu. ft. per hour, air pressure 
is 40 p.s.i. 


age is dependent on the characteristics 
of the waste. It should be recalled 
that the influent to the flotation unit 
was obtained after grit removal; how- 
ever, a small amount of bottom sludge 
was collected. 

Tests for grit removal were con- 
ducted on both a laboratory and a 
pilot-seale unit by adding known 
amounts of 60-mesh grit. Almost 100 
per cent recovery of the grit was ob- 
tained in the bottom sludge. The 
amount of putrescible material in this 
sludge was not measurable. 


Conclusion 


It was desired to compare the opera- 
tion of this air flotation unit with the 
normal operation of the Racine sewage 
treatment plant. During the period of 
experimentation, however, the flow to 
the treatment plant was extremely er- 
ratic, as a result of flow interruptions 
eaused by new construction work. 
These erratic conditions were aggra- 
vated by an unusual increase in pre- 
cipitation. In order to make a com- 
parison, it was necessary to study op- 
erating data from previous years. In 
1953, the Racine treatment plant aver- 
aged 53 per cent removal of suspended 
solids with 68 p.p.m. in the effluent. 
In 1952, the reduction was 48 per cent 
with an effluent of 74 p.p.m. suspended 
solids. It may be noted that the re- 
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movals obtained from the flotation unit 
were greater than these results. 

During several of the test runs, 
analyses were made on the composite 
influent samples. The results of these 
tests showed an efficiency averaging 
approximately 10 per cent higher than 
the pilot plant. There are two prob- 
able reasons for this: (a) carry-over 
of sludge by the collector flights, or 
(b) insufficient attention by the op- 
erating personnel. The design of the 
skimming conveyor has been corrected. 
It should be mentioned that the flota- 
tion unit was operated by six of the 
plant personnel, who had regular 
duties to perform in addition to op- 
erating the pilot test unit. 

The city of Racine is in the midst 
of a sewerage expansion program. One 
of the contemplated enlargements is a 
50 per cent increase in clarification ca- 
pacity. The demonstrated ability of 
the flotation unit to produce good sus- 


pended solids removals and highly 
concentrated sludge was considered 
with interest. The clarification fa- 


cilities could possibly be expanded by 
building additional conventional sedi- 
mentation basins or by converting one 
of the four present clarifiers into an 
air flotation unit. 

The cost of building two conven- 
tional sedimentation units similar to 
the present units would be $375,000. 
The cost of equipment and installation 
to convert one of the present units to 
air flotation would be $50,000. The 
present personnel would be sufficient 
to operate either equipment, so the ad- 
ditional operating cost would be only 
for increased power consumption. 

The annual operating cost for two 
conventional clarifiers would be 
$10,500 for depreciation plus $34 for 
power making a total of $10,534. If 
interest of 214 per cent was included, 
an additional $8,437.50 would be added 
for a total annual cost of $18,971.50. 

The annual operating costs for one 
of the present sedimentation units con- 
verted to air flotation would be $2,500 
for depreciation plus $7,906 for electric 
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power, making a total of $10,406. If 
interest on the investment was in- 
cluded at 214 per cent, this would add 
$1,126, making the total annual cost 
$11,532. 

The depreciation and power costs 
on the two methods of solids removal 
favor the conventional system by $94 
per year. If interest on the invest- 
ment is included, then the flotation 
system is favored by $7,439.50 per 
year. 

The results of the pilot-plant opera- 
tion previously described have demon- 
strated that removals of 50 to 60 per 
cent can be obtained over a wide range 
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of operating conditions when used on 
municipal sewage. The higher operat- 
ing costs are more than offset by the 
saving in construction costs. 
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DISCUSSION 


By A. W. BANISTER 


Banister Engineering Co., St. 


There is no doubt that the work at 
Racine ( Wis.) relative to the flotation 


of municipal sewage presents an ad- 
ditional approach to many problems. 


and _ his 
considerable 


Mr. Hay co-workers have 
gathered data which 
should be very helpful to many de- 
signers. 

However, several factors must be 
considered when the use of air fiota- 
tion is considered. From the data pre- 
sented it appears that quite a thorough 
knowledge or investigation of the 
wastes to be treated must be consid- 
ered. Mr. Hay has commented on the 
variations of strength and the prob- 
lems such variations present. Whether 
or not these variations are due to 
dilution by storm water is not clearly 
presented. Certainly the variations of 
flow from maximum to average and 
average to minimum might indicate 
this to be the case, as these variations 
are not as great as might be antici- 
pated. 

It appears quite conclusive that the 
per cent suspended solids reduction 
obtained at Racine is a function of the 
nature of the waste received by the 
flotation unit. Therefore, it may be 


Paul, Minn. 


anticipated that in the case of a waste 
containing suspended material not sus- 
ceptible to air flotation the anticipated 
removals would be lower; conversely 
the presence of grease, oils, woolen mill 
waste, and other flotable wastes might 
provide higher removals. 

Accordingly, the nature of the waste 
probably requires more consideration 
and study than would be the case for 
conventional sedimentation. It also 
appears that, with the high degree of 
quality operation provided at the Ra- 
cine sewage treatment plant, the ap- 
plication of air flotation probably must 
be limited to the larger sewage treat- 
ment plants and that its application, 
generally will not be favorable in the 
smaller towns. 

An additional consideration favor- 
able to air flotation is the possible 
presence of residual dissolved oxygen 
in the effluent, thereby, reducing the 
quantity of chlorine required.* 

The solids in the surface sludge re- 

* Actually, the dissolved oxygen in the 
effluent from the air flotation unit varied 
from 48 to 90 per cent and averaged 59 per 
cent. Chlorine consumption was reduced 0.8 
p.p.m. to maintain the same residual. 
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moved showed concentrations as high 
as 9.65 per cent and mention is made 
of concentrations up to 16 per cent. 
Perhaps such concentrations might be 
desirable in digestion, but the difficulty 
of handling this sludge will require 
special consideration in sludge pump- 
ing. 

It appears that a minimum recircu- 
lation of 20 per cent and probably 25 
per cent is required. At an air pres- 
sure of 30 to 40 p.s.i., under which the 
air is added for best results, pumping 
considerations are most important. 
Assuming 25 per cent recirculation 
and 30 p.s.i. pressure the recirculation 
pumps must provide 0.25 mg.d. of 
waste against a head of about 82 ft. 
exclusive of any pipe friction loss. 

It is to be noted that the economics 
given by Mr. Hay favor conventional 
units by $94 per year exclusive of 
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interest. The paper also gives a favor- 
able report of $7,439.50 per year for 
air flotation based on a 2% per cent 
interest rate. Such interest charges 
apparently are for the first year. If 
these interest charges were amortized 
over the life of the bond issue the 
saving offered by flotation would be 
reduced to $3,783.85 per year. This is 
still a substantial saving and warrants 
consideration. 

The data presented deserve serious 
consideration. Perhaps careful evalu- 
ation of the results of an air flotation 
plant operating on a larger scale or 
full seale would provide additional 
data warranting a more favorable and 
wider usage of this method of pri- 
mary clarification. The data so far 
obtained definitely present the need 
for further large-scale studies. 


MAINTENANCE OF THE NEW YORK CITY INTER- 
CEPTING SEWER SYSTEM * 


By Joun J. Rooney 
Civil Engineer, Sanitary, Department of Public Works, New York City, N. Y. 


During 1953, the Intercepting Sewer 
Section was established in the Bureau 
of Sewage Disposal Operations to 
maintain and operate the interceptors 
and appurtenances that are under the 
jurisdiction of the New York City 
Department of Public Works. The 
addition of a number of new sewage 
treatment plants during the past few 
years put special emphasis on the im- 
portance of interceptor maintenance. 
It was deemed advisable to place a pro- 
fessional sanitary engineer in charge 
of this activity to standardize the op- 
eration and maintenance of the inter- 
cepting facilities. It also centralized 
the responsibility for having all dry 
weather flow carried to the treatment 
plants. 


*Presented at the Metropolitan Section 
Meeting, New York Sewage and Industrial 
Wastes Assn.; New York, N. Y.; Nov. 30, 
1954. 


At the present time, this section 
maintains about 40 miles of intercept- 
ing sewers, 107 regulators and 185 tide 
gates diverting about 550 m.g.d. of 
sewage to 8 sewage treatment plants 
located in five boroughs. 


Intercepting Sewers 

The sewers in each borough of New 
York City are built and maintained by 
the various boroughs. Most of these 
are combined sewers that terminate 
between the bulkhead and pierhead 
lines in the waters surrounding New 
York City. 

Interceptors are constructed by the 
Department of Public Works at lower 
elevations than the combined sewers 
and are expected to carry all sanitary 
waste during dry weather or a mixture 
of sanitary waste and storm water 
runoff equivalent to twice the mean 
dry weather flow. Usually when the 
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flow exceeds twice the mean dry 
weather flow, the excess is bypassed 
through the combined sewer outlets 
into the receiving waters. 

Several inspections of the  inter- 
ceptors have been made because of 
blockages or fear of damage to them 
by adjacent new construction. Inspec- 
tions are made during periods of low 
flow, usually at 2 or 3 am, to minimize 
the quantity of sewage bypassed. Af- 
ter the sewage is bypassed by closing 
the regulators, a visual inspection is 
made of the interceptor, including the 
invert. Extensive deposits of stones, 
eravel, grit and sewage solids have 
been found but the interceptors ap- 
peared to be structurally sound. It is 
of interest to note that many of the 
stones in the interceptors weighed 
more than 25 lb. and had been carried 
several hundred feet from the nearest 
manholes by the flow. If the volume 
of flow increases to require the full 
carrying capacity of the interceptors, 
then the lines need to be cleaned 


Intercepting Sewer Components 

Normally the Intercepting Sewer 
Section is engaged in the maintenance 
and inspection of the regulators and 
tide gates. To understand the opera 
tion of these devices, the function and 
interrelation of all the component 
parts must be known. 


Combined Sewers 

The combined sewers previously 
carried the sanitary and the storm flow 
from the drainage area to the receiv- 
ing waters. The carrying capacities 
of many of these sewers have been de- 
ereased by extensive deposits of grit 
and sewage solids. When a new treat- 
ment plant is placed in service care 
must be taken to prevent excessive 
quantities of grit from reaching the 
treatment plant. Large quantities of 
grit may overload the new equipment 
and cause a shutdown almost before 
operation begins. 
Diversion Dams 

The diversion dams are placed across 
the combined sewers at elevations 
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equal to the depth of mixed storm and 
sanitary flow at twice the mean ulti- 
mate dry weather flow. These dams 
divert the sewage through the regu- 
lator gates from the old discharge out- 
lets to the stream. If the diversion 
dam elevation is below the high water 
mark of the adjacent receiving water, 
tide gates are provided, which vary in 
size from 12-in. diameter to 8 ft. by 
10 ft. depending on the size and shape 
of the combined sewers. These gates 
prevent the backflow of tide water into 
the combined sewers, but they permit 
the bypassing of excessive storm wa- 
ter mixed with sewage which flows 
over the diversion dam and into the 
receiving waters. 


Regulator Gates 

A regulator mechanism is provided 
to limit the amount of mixed storm 
and sanitary flow entering the inter- 
ceptor from each combined sewer. The 
mechanism consists of manually oper- 
ated sluice gates or automatic sluice 
gates either hydraulically-activated or 
direct float-operated. 

Manually-operated regulator gates 
are used where the combined sewer 
carries a very small quantity of sew- 
age, thereby making automatic con- 
trols impracticable. Two gates are 
placed in series; each is supposed to be 
set so that the total head loss through 
both gates limits the storm and sani- 
tary flow into the interceptor to twice 
the mean dry weather flow. The 
minimum opening actually used per- 
mits beer cans and similar trash to 
pass through so that these openings 
will not be obstructed too frequently. 

Automatic sluice gates are con- 
trolled by a float located in a pit which 
is set at a level equal to the depth of 
twice the dry weather flow in the 
branch interceptor. During a storm 
the quantity of storm and sanitary 
flow in the combined sewer gradually 
increases as it passes through the regu- 
lator sluice gate until it exceeds twice 
the mean dry weather flow. Then the 
regulator float control rises and the 
sluice gate closes. 
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On the hydraulically-controled sluice 
gate, when the float rises, a 4-way 
valve is activated and permits water 
under pressure to enter the top of a 
cylinder forcing down a piston con- 
nected to the top of the sluice gate. 
The water from the bottom of the eyl- 
inder drains out through the 4-way 
valve. As the depth of the flow in the 
branch interceptor gradually decreases 
to less than twice the mean dry 
weather flow, the float moves down. 
This activates the 4-way valve, which 
opens the sluice gate by permitting 
water under pressure to enter the bot- 
tom of the cylinder, forcing the piston 
up. Water from the top of the eyl- 


inder flows back through the 4-way 
valve to waste. 

The direct float operated sluice gate 
is moved up and down directly by the 
float, through a system of pulleys, 
shafts and cables or a walking beam. 

This opening and closing, frequently 


referred to as hunting, continues until 
an equilibrium is reached where the 
storm and sanitary flow in the branch 
interceptor is equal to twice the mean 
dry weather flow. The float moves 
only slightly and the gate very little. 

The excess storm water runoff which 
does not pass through the sluice gates 
backs up in the combined sewer until 
the water level exceeds the elevation 
of the diversion dam. Pressure is then 
exerted on the tide gates by the di- 
verted flow. When the elevation in the 
combined sewer exceeds the tide level, 
the tide gate is forced open and by- 
passing begins. After the storm is 
over, the storm and sanitary flow in 
the combined sewer gradually de- 
creases until the flow is less than 
twice the mean dry weather flow. The 
float falls, the regulator gate opens 
and the tide gate closes. 


Branch Interceptors 


A branch interceptor is the struc- 
ture generally used to divert the sew- 
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age from the combined sewer to the 
interceptor. It connects the regulator 
chamber and the interceptor and is 
designed to permit the passage of 
twice the ultimate mean dry weather 
flow expected from a particular com- 
bined sewer. 

Finally, the interceptor collects the 
flow from each branch interceptor and 
conveys it to the sewage treatment 
plant. 


Routine Operation 


As long as it does not rain suffi- 
ciently for the storm runoff plus the 
sanitary sewage to exceed twice the 
mean dry weather flow, there are very 
few maintenance problems with prop- 
erly designed regulators. Therefore, 
the question to be considered is: how 
much runoff will result in twice mean 
dry weather flow? As an example as- 
sume that rain occurs at the Hunts 
Point Plant when the influent flow is 
equal to the mean daily dry weather 
flow. During 1953, the mean daily 
dry weather flow was about 97 m.g.d. 
or 150 ¢.f.s. The area tributary to this 
treatment plant is 15,613 acres. There- 
fore, a runoff of .0093 cu. ft. per second 
per acre would be equal to the mean dry 
weather flow. This is equivalent to one 
glass of water per acre per second. 
To determine the intensity of rainfall 
necessary to produce this runoff the 
equation used is I= Q/CA in which 
C=0.5 and I= .02 in. of rain per 
hour. Since the average time of con- 
centration or collection time from this 
area is about 2 hr., .04 in. of rain in 
2 hr. will produce a combined flow at 
the regulators equal to twice the mean 
dry weather flow. The regulators will 
commence operating and cause mixed 
sewage and storm water to be bypassed 
when the flow exceeds twice mean dry 
weather flow. 

The United States Weather Bureau 
has recorded about five storms per 
month of more than this intensity 
during the past five years. It should 
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be noted, however, that rain occurring 
during periods of peak dry weather 
flow (time of peak sewage concentra- 
tion) will produce only 50 per cent di- 
lution of the sewage before being by- 
passed. On the other hand, rain at the 
time of minimum dry weather flow 
(time of minimum sewage concentra- 
tion) would produce 150 per cent di- 
lution before being bypassed. 

During the rainfall and for some 
time thereafter, large quantities of 
debris are carried in the combined 
sewers because of the increased ve- 
locity associated with the increased 
flows. In addition, considerable 
extraneous material enters the sewers 
with the street washings and may in- 
terfere with the proper functioning of 
the regulators. Correcting any mal- 
funetioning requires a visit to the 
regulator by one of the maintenance 
erews whose prime reason for this in- 
spection is to stop possible sewage by- 
passing. An inspection may reveal an 
inoperative sluice gate caused by me- 
chanical failure or by wood, rags or 
conerete debris obstructing the sluice 
gate or the branch interceptor. All 
of these conditions force the sewage 
to be discharged to the receiving 
stream. This discharge must be cor- 
rected if the flow of raw sewage to the 
harbor is to be minimized. The sec- 
ond reason for this inspection is to see 
that the tide gates have not been 
blocked open by wood or other debris 
caught between the flap and the seat. 
Such a condition would permit sea 
water to flow back over the diversion 
dam into the combined sewer and 
thence to the treatment plant, increas- 
ing the pumpage at the plant and de- 
creasing the detention period in the 
treatment units. 

The maintenance crews also repair 
the control equipment. Sluice gates 
and float controls must operate cor- 
rectly to limit the storm flow to the 
treatment plant. Tide gates must be 
checked so that they will open and 
close properly. This requires exten- 
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sive routine maintenance plus replace- 
ment or repairs to worn parts. Main- 
tenance and repair work is done dur- 
ing periods of dry weather after all 
regulators have been checked and by- 
passing eliminated. 


Special Operating Problems 


There have been and still are many 
special operating and maintenance 
problems associated with the New York 
City sewer system. Solutions have 
been suggested by equipment manu- 
facturers and the Bureau of Sewage 
Disposal Design. Many practical sug- 
gestions have come directly from the 
maintenance crews. 

At several of the regulators, a con- 
siderable difference in invert elevation 
exists between the combined sewer and 
the intercepting sewer. The steep 
gradient exceeds the critical slope and 
results in high velocities and small 
depths of flow in the branch inter- 
ceptor. Consequently, twice the mean 
dry weather flow is not sufficient to 
submerge the float. 

Similar problems often occur when 
the regulator gate hunts and the flow 
level in the combined sewer rises above 
the tide elevation, exerting as much 
as 20 ft. of head on the sluice gate 
opening. As a result the discharge ve- 
locity increases. Although the depth 
of flow in the branch interceptor is 
controlled, the quantity of flow dis- 
charged is not controlled because of the 
high flow velocities. 

In some cases, excessive velocities 
have been partially controlled by in- 
serting horizontal stop planks down- 
stream from the float pit to act as 
weirs. A 6-in. clear opening under 
the planks prevents the buildup of grit 
deposits behind them. The weir stop 
planks serve to convert some of the 
excess velocity head to hydrostatic 
head by inereasing the depth of flow. 
However, if the approach velocity be- 
comes too great because of exception- 
ally high bypass heads, the discharge 
over the stop planks will exceed twice 
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the mean dry weather flow. A trial 
installation has been made using verti- 
eal stop planks rather than the hori- 
zontal weir planks. The vertical plank 
control system has been more effective 
than the horizontal system and will 
eventually replace it. 

Stainless steel is now being used for 
some of the moving parts in the 4-way 
valve. The original ‘‘Everdur”’ 
bronze parts were badly scoured by 
the water under pressure. The extra 
hard stainless steel appears to be more 
resistant than the bronze and will be 
used on future installations, 

On the Rockaway interceptors, many 
of the small tide gates did not seat 
properly. This permitted the infiltra- 
tion of large quantities of Jamaica 
Bay water. Tight closures were ob- 
tained by adding weights to the gates 
to force them shut and by using softer 
rubber gasket material, so that small 
surface irregularities would not effect 
the seal. 

Although these tide gates were now 
properly sealed, the chloride concen- 
tration in the raw sewage at the 
Rockaway sewage treatment plant was 
still excessive, especially at high tide. 
Therefore, chloride determinations 
were made of the sewage at various 
locations on the separate sewer sys- 
tem. These field checks helped to lo- 
cate numerous direct connections be- 
tween storm sewers and the sanitary 
system which allowed bay water to flow 
from the storm sewer into the sanitary 
system at high tide. Most of these 
connections have been sealed. 

Failure of the water supply pipe 
lines to the hydraulically-controlled 
regulators is also quite a troublesome 
maintenance problem. An example is 
the 1-in. brass line located in a subway 
yard that had to be replaced five times 
in 15 yr. This pipe failed due to 
electrolytic corrosion and various cor- 
rective measures were ineffective. The 
latest replacement was made with 
plastie pipe which is not affected by 
the electrolytic current and should 
solve the problem. 
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Special Studies 


The Intercepting Sewer Section has 
also engaged in special studies in co- 
operation with the Laboratories of the 
Bureau of Sewage Disposal Opera- 
tions. Some of these investigations 
were: 


1. The determination of the relative 
concentration of wastes from the resi- 
dential and industrial areas tributary 
to the Owls Head Sewage Treatment 
Plant. 

2. A survey of the effect of com- 
bined sewage overflows on the coli- 
form density in Jamaica Bay. 

3. Industrial wastes surveys to lo- 
eate the discharge points of industrial 
wastes which either interfere with the 
treatment processes or cause difficult 
working conditions at the sewage treat- 
ment plants. When complaints are 
received from one of the treatment 
plants, the maintenance crew exam- 
ines the regulators to determine which 
combined sewer the waste may be flow- 
ing through. The treatment plant 
personnel are asked to log the day and 
time the objectionable material reaches 
the treatment plant. If a discharge 
pattern can be established, the main- 
tenance crew stations itself at the regu- 
lator chamber prior to the time the 
objectionable waste is expectéd to 
reach this regulator. If a discharge 
pattern cannot be established, the 
maintenance crew is notified whenever 
the waste reaches the treatment plant. 
Then a check is made from manhole 
to manhole until the waste is traced 
to the offending industry. Since many 
combined sewers drain thousands of 
acres, these surveys often are tedious 
and time-consuming, yet essential to 
maintain proper functioning of the 
treatment processes. 


Extensive flow studies also have been 
made to check design flow estimates 
for the Bureau of Sewage Disposal 
Design. Sewer record drawings are 
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checked first to obtain the cross-section 
and slope of the sewer at the section to 
be studied. The field survey crew 
determines the depth of flow at two 
adjacent manholes, the time of passage 
of either a dye or a float between the 
manholes, the dimensions of the sewer 
and the distance between manholes. 
Then the cross-section area, velocity 
and quantity of flow are computed. 

If more accurate or additional in- 
formation is needed, a pneumatically- 
controlled depth recorder is installed 
to record the depth of flow in the 
sewer. The volume of sewage is de- 
termined by applying the appropriate 
flow formula. 

During one of these flow surveys, a 
simple method was found for diverting 
sanitary flow from the Coney Island 
Sewage Treatment Plant which is ap- 
proaching design capacity to the Owls 
Head Sewage Treatment Plant which 
can readily accommodate this addi- 
tional quantity of sewage. 


Maintenance Crews 

At the present time there are two 
maintenance crews composed of care- 
fully selected men who service the 
intercepting sewer system. Each crew 
has a specially designed maintenance 
truck containing protected crew quar- 
ters, storage space for equipment and 
an engine-driven winch. Each truck 
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is supplied with a variety of hand 
tools, a gas-driven generator, a gas- 
driven blower, life lines, a gas mask, 
explosimeter, portable lights, special 
clothing and tools, including an elec- 
tric drill and hammer. One truck is 
stationed at the Manhattan Grit 
Chamber of the Wards Island Plant. 
The operating crew consists of one 
senior sewage treatment worker, 1 
auto-engineman and 4 sewage treat- 
ment workers. The crew maintains 
and inspects 84 regulators and 101 tide 
gates on the Wards Island, Hunts 
Point and Port Richmond Systems. 
The second crew operates from the 
Owls Head Sewage Treatment Plant 
and has a crew of 4 sewage treatment 
workers and 1 auto-engineman. This 
crew maintains and inspects 23 regu- 
lators and 84 tide gates at the Owls 
Head, Rockaway, 26 Ward, Bowery 
Bay and Tallmans Island Sewage 
Treatment Plants. 


Acknowledgments 

The author appreciates the guidance 
and help of A. J. Scanlon, Bureau of 
Sewage Disposal Operations, Depart- 
ment of Public Works, New York City, 
and thanks Louis Fattore and the en- 
tire maintenance force in this section 
whose continued interest and coopera- 
tion have made these accomplishments 
possible. 


TIPS AND QUIPS 


Frank Woodbury Jones 

The death of Frank Woodbury 
Jones, November 17, 1955 comes as a 
shock to those of the Federation mem- 
bership to whom the Quarter Century 
Operators’ Club and Frank Woodbury 
Jones were synonymous. It was he 
who created in 1941 this informal 
group of veterans of sewage treatment 
plant operation and, served as chair- 
man and registrar of the club until 
1954. In 1946 the club was given offi- 
cial recognition by the Federation 
Board of Control. 

Though associated with the consult- 


ing engineering firm of George B. 
Gascoigne and Associates in 1923 
and later (1940) becoming a partner 
in Havens and Jones was 
perhaps best known as a_ sanitary 
chemist and long-time operator of sew- 
age works. For several years he was 
chemist in charge of the Westerly 
Sewage Treatment Plant, Cleveland, 
Ohio. He was past-chairman (1952) 
of the Sanitary Engineering Division 
of the American Society of Civil En- 
gineers. In 1952 he was the recipient 
of the Charles Alvin Emerson Medal 
for service to the Federation. 
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éHabla Usted Espafiol? 


The 10th Edition of Standard 
Methods has been so well received that 
a third printing has been ordered. 
For those who have been unable to 
purchase a copy or have been re- 
luctant to spend $7.50 ($6.50 to Mem- 
ber Association members) a Spanish 
volume is now available at $6.00. 
Copies may be obtained prepaid from 
Dr. Trois E. Johnson, Chief, HW & 
H Field Party, Institute of Inter- 
American Affairs, American Embassy, 
Mexico, D. F., Mexico. Comprenda? 


Expensive Cuts 


At the recent American Public 
Works Association Congress in Chi- 
eago, Ill., L. P. Staman, Director of 
Public Works, Tacoma, Wash., stated 
that U. 8. street pavements are cut 
open for the installation or repair of 
some underground utility at a cost of 
$61,000,000 per year. All utilities are 
in need of more room both above and 
below ground, and he urged thinking 
ahead to coordinate and plan if there 
is to be any hope in eventually curb- 
ing the tremendous expense of un- 
doing work already done. 

Mr. Staman suggested that both pub- 
lie and private utilities and highway 
agencies participate in long-range 
planning discussions and that cities 
establish a single street-use ordinance 
to facilitate effective coordination. 
Subdivision control ordinances should 
be adopted which require that all un- 
derground installations be in place be- 
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fore acceptance of the plat. More 
uniformity in street opening regula- 
tions was recommended. 


Quarter Century Operators’ Club 


The active membership roll of the 
Quarter Century Operators’ Club was 
increased by the addition of two new 
members during 1955, although the 
passing of Julius W. Bugbee, Provi- 
dence, R. I., brought a note of sadness. 
Seventeen members were present in 
Atlantic City for an excellent meeting. 

Newly qualified members received 
at the Federation Luncheon were 
Nicholas De Haas, Sr., Linwood, Mass., 
and T. R. Haseltine, consulting engi- 
neer, Pittsburgh, Pa. The roster at 
that time included 47 living members 
and 10 deceased. In addition, several 
new applications were received at the 
meeting. 

To be eligible for membership in 
the Quarter Century Operators’ Club, 
the candidate must have been in full- 
time resident charge of the operation 
of a sewage treatment plant 25 years 
prior to date of his admission to the 
elub. The increase in sewage treat- 
ment plant construction during the 
Federal construction program of the 
1930’s should result in a substantial 
increase in members during the next 
few years. Eligible persons are urged 
to contact the chairman of the club: 
Henry Van Der Vliet, P. O. Box 281, 
Rutherford, N. J. 

Formal acceptance into the club is 
planned for the Annual Meeting of the 
Federation, but applications are in- 
vited at any time. 
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Federation Affairs 


TWENTY-EIGHTH ANNUAL MEETING REPORT 


The 28th Annual Meeting of the 
Federation, held at the Ambassador 
Hotel in Atlantic City, New Jersey, 
on October 10-13, 1955, attracted a 
record attendance of 1,345, and was 
among the top in program interest 
and success. Not only was the total 
registration the highest in Federation 
history, but the men’s total of 1,051 
and the ladies’ total of 294 were both 
record highs. Geographically, mem- 
bers or guests were registered from 39 
states, the District of Columbia, 
Alaska, Canada, England, Germany, 
Puerto Rico, and Switzerland. 

The record breaking success of the 
meeting in all its phases is due to the 
effort and interest of the host New 
Jersey Sewage and Industrial Wastes 
Association, with the Local Arrange- 
ments Committee headed by Sol Seid 
of New Brunswick, N. J. The planning 
of details, the publicity and the co- 
operative efforts by the various local 
committees did much to assure the suc- 
cess of the meeting and the record 
registration. This will long be re- 
membered as a milestone in Federation 
history. 

The 28th Annual Meeting was con- 
vened at 10:30 am on Monday, October 
10, 1955 by President David B. Lee. 
Following the invocation, President 
Lee welcomed the attendants and com- 
mented briefly on this historic and 
active year of the Federation. The 
Executive Secretary-Editor’s report, 
by Ralph E. Fuhrman, concluded the 
business portion of the opening ses- 
sion. 


Technical Program 


The technical program developed by 
the Program Committee, under the 
chairmanship of Professor Rolf Elias- 
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sen, presented topies of broad general 
interest, as well as many papers on 
specific pollution and waste treatment 
problems. Both the Industrial Wastes 
Forum and the Operator’s Forum 
were received with their usual inter- 
est, although the lively discussions of 
the previous years were less evident. 

A new forum, well received by tech- 
nical personnel, featured current re- 
search activities at several universities. 
The Research Forum appears to have 
assured itself a place on future pro- 
grams. 

The technical program presented at 
Atlantic City was announced in the 
**28th Annual Meeting Preview’’ (see 
THis JouRNAL, 27, 9, 1102; Sept., 
1955). Technical program papers are 
to be published in the 1956 issues of 
the Journal, beginning with this issue. 

Highlight papers of the program in- 
cluded those presented by Dr. W. A. 
Patrick of Johns Hopkins University 
on mine drainage wastes and John J. 
Wirts on the proposal for a sludge 
transmission line to convey digested 
sludge from Cleveland and other cities 
in Ohio to the strip mine areas in the 
southern part of the state. A sym- 
posium on fringe-area sanitation was 
very timely and informative. 


Entertainment Events 


The featured entertainment of the 
meeting was new to Federation at- 
tendees. <A carefree informal atmos- 
phere prevailed during the Hallowe’en 
Country Night. Square dancing, 
games and contests made for a gala 
occasion. 

The Federation Luncheon, held in 
the Embassy Room, was attended by 
approximately 400 Federation mem- 
bers and guests. W. H. Wisely, Ex- 
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ecutive Secretary, American Society of 
Civil Engineers, and former Executive 
Seeretary-Editor of the Federation, 
brought personal greetings to those in 
attendance. He spoke on ‘‘The Fed- 
eration as an International Force’’ 
and urged the membership to continue 
the international spirit at home and 
abroad. Mr. Wisely concluded with 
the showing of colored slides, taken on 
his tour of Europe in the summer of 
1954 while on Federation business. 

Several visiting engineers from Ger- 
many were introduced and members 
of the Quarter Century Operators’ 
Club were recognized. 

The Annual Federation Awards 
Dinner, held in the Renaissance Room 
on Wednesday evening, October 13, 
was attended by a record 878 mem- 
bers and guests. At the dinner, Presi- 
dent Lee presented the annual Federa- 
tion awards and introduced the new 
officers. Dancing followed to complete 
the enjoyable evening. 


Ladies’ Entertainment 


The entertainment features planned 
for the ladies by the local Ladies’ 
Entertainment Committee, under the 
sparkling chairmanship of Mrs. Ann 
Clark, were the subject of much favor- 
able comment by the ladies attending 
the meeting. 

Monday afternoon a relaxing and 
refreshing cocktail hour sponsored by 
the New Jersey Sewage and Industrial 
Wastes Association provided a warm 
and friendly atmosphere in which old 
acquaintances were renewed and new 
friends introduced. Attendance was 
marked by an increase in the number 
of younger women present. 

On Tuesday an entertaining and 
educational feature enjoyed by all the 
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ladies was the E. I. du Pont de Ne- 
mours Company’s presentation of 
‘‘Your Life and Man-Made Fibres.’’ 
Many interesting and worthwhile tips 
were given on today’s modern fabrics. 
The afternoon trip to the showroom of 
Lenox, Inc., well-known makers of fine 
china, was enjoyed by those who de- 
sired the opportunity of viewing vari- 
ous china patterns and making pur- 
chases. 

Concluding event of the ladies’ pro- 
gram was a delightful luncheon in the 
Marine Grill of Hackney’s Famous Sea 
Food Restaurant on Wednesday. 
Ample opportunity was given for 
walking the famous boardwalk. The 
bright and sunny weather encouraged 
wading, sunning and beachcombing. 
Wednesday’s activities were climaxed 
by the Federation Dinner and Dance. 


Inspection Trips 


Although no programméd inspection 
trips were included in the official pro- 
gram several interesting trips were 
made to industrial waste treatment fa- 
cilities in nearby New Jersey. Trips 
to the organic and inorganic chemical 
works of Ciba States Limited and the 
frozen food processing facilities of 
Seabrook Farms drew good attendance. 


Manufacturers’ Exhibit 


As a co-feature of the Atlantie City 
meeting the Water and Sewage Work 
Manufacturers’ Association showed 
new equipment and process develop- 
ments in an interesting and informa- 
tive exhibit. All space alloted for 
displays was fully utilized to best 
advantage by the various manufac- 
turers, this being the largest to date. 
from the standpoint of both the num- 
ber of booths and exhibitors. 


BOARD OF CONTROL MEETS AT ATLANTIC CITY 


A historical and challenging year 
was concluded with the 28th Annual 
Meeting of the Federation Board of 
Control at Atlantie City. During the 
preceding 12 months the Federation 


office was successfully moved from 
Champaign, Illinois, to modern quar- 
ters in Washington, D. C. The new 
Executive Secretary-Editor, Ralph E. 
Fuhrman was adjusting to his many 
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new responsibilities. Some delays 
were noted in handling the routine 


Federation business and publication of 
the Journal as a result of the move 
and the need for employing new staff 
personnel. However, activities were 
smoothing out and satisfactory prog 
ress was noted. 
Actions of the 
following: 


Board ineluded the 


1. Authorized the Sewage and In- 
dustrial Wastes Practice Committee to 
proceed with the publication of Manu- 
als of Practice on Sewer Maintenance 
and Standardization of Units. 

2. An entire revision of the Federa 
tion Constitution and Bylaws was ree- 
ommended. 
the Hatfield Award 
In brief, Member Associations 


3. Revision of 
rules, 
will be eligible to name recipients of 
these awards on a sliding seale based 
the number of members enrolled 
on the previous September 30. Details 
of the arrangements 
where in this 

4. Approved 


on 


are given else 
issue. 

the recommendations 
of the Research Committee that co 
ordination of mutual research inter- 
ests in the field of water pollution be 
furthered as much as possible through 
the Joint Committee for the Advance- 
ment of Sanitary Engineering, and 
that the U. 8. Public Health Service 
be requested to develop as a part of its 
Research Program two or three master 
plans for high priority problems in the 
field of sewage and industrial wastes 
with Federation support. 

5. Endorsement of the Water Pollu- 
tion Control Bill before Congress, S. 
890 as amended, was given by the Board 
of Control in line with the discussion 
during a conference of State and In- 
terstate Water Pollution Control Ad- 
ministrators on this subject during the 
Atlantic City meeting. The Federa- 
tion Board had previously approved 
the draft of the bill and the clarifying 
amendments have been proposed to 
answer certain objections expressed 
during the last year. 
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New Officers 


The following officers were elected 
on October 9 for the terms indicated: 


President: George W. Martin, Green 
Bay, Wis., to October, 1956. 
Vice-President: John W. Cunningham, 
Portland, Oregon, to October, 1956. 
Treasurer: W. W. De Berard, Chicago, 
Ill., to October, 1956. 
Director-at-Large: Ray E. Lawrence, 
Kansas City, Mo., to October, 1958. 


Experience outlines for the new 
President and Vice-President are given 
elsewhere in this issue. 


1955 Awards 


The following honors and awards, as 
conferred by the Board, were pre- 
sented or announced by President Lee 
at the Annual Awards Dinner on Oc- 
tober 12: 


Elected to Honorary Membership 
was Maskew Fair of Cam- 
bridge, Massachusetts, renowned edu- 
eator of sanitary engineers at Harvard 
University and internationally known 
in the field. 

The Harrison Prescott Eddy Medal 
was earned by W. L. Lea,.G. A. 
Rohlich and W. J. Katz of the Univer- 
sity of Wisconsin for their research 
contribution ‘‘Removal of Phosphates 
from Treated Sewage’’ (Tuts Jour- 
NAL, 26, 3, 261; Mar., 1954). 

The George Bradley Gascoigne 
Medal was conferred on A. H. Chasick 
for his plant operation contribution 
entitled ‘‘Activated Aeration at the 
Wards Island Sewage Treatment 
Plant’’ JourNau, 26, 9, 1059; 
Sept., 1954). 

The Industrial Wastes Medal was 
awarded to Kenneth S. Watson of the 
General Electric Company, Schenec- 
tady, N. Y., for his contribution 
‘Treatment of Complex Metal-Finish- 
ing Wastes’’ (THis JourRNAL, 26, 2, 
182; Feb., 1954). 

For his numerous scientific contri- 
butions to the technical literature and 
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in particular for the development of 
the present standard B.O.D. determi- 
nation and for his outstanding record 
as a teacher and inspiration to the 
Central States Sewage and Industrial 
Wastes Association, M. Starr Nichols 
was awarded the 1955 Charles Alvin 
Emerson Medal. 

Nominations for the 1955 Arthur 
Sidney Bedell Awards, for service to 
Member Associations of the Federa- 
tion, were confirmed by the Board as 
follows: C. H. French (Arkansas) ; 
Fred G. Nelson (California) ; George 
F. Schroepfer (Central States); Carl 
EK. Schwob (Federal); Leo Holtkamp 
(lowa); F. T. Hambleton (ISP, Eng- 
land); Herman D. Regan (Kentucky- 
Tennessee); James L. Love (Louisi- 
ana); Thomas J. Powers (Michigan) ; 
William F. Rapp, Jr. (Nebraska) ; 
Henry Van Der Vliet (New Jersey) ; 
R. C. Sweeney (New York); P. D. 
Davis (North Carolina); Emil Jensen 
(Pacific Northwest); T. R. Haseltine 
(Pennsylvania) ; W. T. Linton (South 
Carolina); Nils Westberg (Sweden) ; 
and J. H. Sorrels (Texas). 


Membership 


The Secretary reported that the ag- 
gregate Active and Corporate mem- 
bership of the 38 associations compris- 
ing the Federation was at a record 
high of 6,693 on September 30, 1955, 
a gain of 7.4 per cent for the year. 
The numerical increase of 491 during 
the year was the highest in the history 
of the Federation for a year without 
a gain in number of Member Associa- 
tions. 

The Michigan association, with an 
inerease of 100 members, won the nu- 
merical increase contest over the vali- 
ant efforts of the Florida (78) and 
Georgia (76) associations. 

The Georgia association took the per- 
centage increase prize with a 145 per 
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cent increase following a close race 
with the Nebraska association (108 per 
cent). Other contenders for this prize 
included the Florida (43 per cent) 
and Michigan (32 per cent) associa- 
tions. 

Financial 


The operating budget for fiscal 1956 
is balanced at $112,250, an increase of 
almost $10,000 over the previous year. 
Provision is made for all necessary 
foreseeable expenses in the Federa- 
tion’s new quarters. 

Audited net worth of the Federation 
at the end of 1954 was $75,802.14. 
Once again a modest increase is indi- 
eated for the year 1955. 


Detroit in 1958 


Meeting places for the years 1958 
through 1960 were approved by Board 
action. Previously announced meet- 
ing sites already approved were Los 
Angeles in 1956 and Boston in 1957. 
Officially designated as future meeting 
places were: 


1958, Detroit, Michigan, Sheraton- 
Cadillac Hotel, Oct. 5-9. 
1959, Dallas, Texas, Hotel Statler 
Hilton, Oct. 11-15. 
1960, Philadelphia, Pennsylvania, 
Philadelphia Sheraton, Oct. 2-6. 
New invitations received verbally 
from the Florida Sewage and Indus- 
trial Wastes Association, the Georgia 
Water and Sewage Association (At- 
lanta), the Missouri Water and Sew- 
erage Conference (Kansas City) and 
the Verband Schweizerischer Abwas- 
serfachleute (Swiss) were referred to 
the Meeting Place Committee. Invi- 
tations from Member Associations were 
already on hand from: Canadian In- 
stitute (Toronto), Central States 
(Milwaukee), Rocky Mountain (Den- 
ver) and Pacifie Northwest (Portland 
or Seattle). 


| 
) 
2 
tv. 
ts 
5 
Tp: 
fs 
3 
© 


SEWAGE AND INDUSTRIAL WASTES 


January, 1956 


HATFIELD AWARD RULES CHANGED 


As a result of the considerations of 
the Plant Operations Committees, the 
Board of Control empowered the Ex- 
ecutive Committee to act finally on the 
Committee’s recommendation. (On 
December 19, 1955, the Executive 
Committee voted to follow the recom- 
mendations of the Plant Operations 
Committee.) Accordingly, the Wil- 
liam D. Hatfield Award will be re- 
vived and the frequency of this Award 
for meritorious operating reports will 
be made according to the size of the 
Member Association as follows: 


1. That the number of awards per 


Member Association be as follows: 


0 to 


35 to 249 members... 


34 members By petition only 
1 per 3 years 
250 to 499 members... . 2 per 3 years 


500 to 749 members........ 3 per 3 years 


but that if any Member Association in 
the 0 to 
ship by 50 per cent and is still under 


34 class increases its member- 


35 members, it shall by petition be 
favorably considered for an award be- 
fore the 
to allow eligibility for one nomination 


reaching 35-member status 
in a 3-year period. 

2. That no 
nominate more than one recipient per 
year. 

3. That the awards for the succeed- 
ing year be made in accordance with 
the accompanying schedule and re- 
viewed as to eligibility as of the pre- 
ceding September 30. 


Member’ Association 


Hatfield Award Schedule 


Future 
Schedule 


| Members — 
Year 


Member Association 9-30-55 


1956 | 1957 


Alabama 35 
Arizona 38 
Arkansas 72 
California 575 
Canadian Institute 442 
Central States 653 
Dakota 30 
Federal 80 
Florida 260 
Georgia 128 
Germany 39 
lowa 113 
ISE (England) 27 
ISP (England) 129 
Kansas 116 
Kentucky- 120 

Tennessee 
Louisiana 8 
Maryland-Delaware 72 
Michigan 415 
Missouri 46 
Montana 33 
Nebraska 79 
New England 369 
New Jersey 226 
New York 617 
North Carolina 142 
Ohio 356 
Oklahoma 47 
Pacific Northwest 290 
Pennsylvania 506 
Puerto Rico 37 
Rocky Mountain 69 
South Carolina 44 
Sweden 80 
Swiss 15 
Texas 198 
Virginia 115 
West Virginia 72 


** 


+ 


Ll | 


Total 


6,693 15 


* Conditional upon continuing membership. 
t Year eligible to petition for one nomination. 
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GEORGE W. MARTIN NEW PRESIDENT 


George W. Martin, Chief Engineer 
and Superintendent, Green Bay 
(Wis.) Metropolitan Sewerage Dis- 
trict, became the 16th President of 
the Federation at the organization 
meeting of the 1956 Board of Control, 
held at Atlantic City, New Jersey, on 
October 13, 1955. 

Following graduation from the Uni- 
versity of Wisconsin in 1926 with the 
Bachelor of Science degree in Engi- 
neering, Mr. Martin was employed as 
resident engineer with a Wisconsin 
engineering company. During the pe- 
riod 1926 to 1935 he was engaged in 
a number of municipal construction 
projects on paving, sewers and sewage 
treatment. In 1935 he accepted his 
present position of Chief Engineer and 
Superintendent of the Green Bay 
Metropolitan Sewerage District, a 


newly completed construction project 
on which he had been resident engi- 
neer. 

Mr. Martin is a Registered Profes- 
sional Engineer in Wisconsin and has 
been active in professional engineer- 
ing societies. He was president of the 
Wisconsin Society of Professional En- 
gineers (1948-9) and a Director both 
to the Wisconsin Society of Profes- 
sional Engineers (1941-2) and the Na- 
tional Professional Engineers (1950- 
2). 

He has been interested in the wel- 
fare of sewage treatment plant opera- 
tors, having served the Conference of 
Wisconsin Sewage Works Operators 
(President, 1941). In addition, he has 
served Central States Sewage and In- 
dustrial Wastes Association as Presi- 
dent (1941-2) and Federation Direc- 
tor (1948-51). 

Mr. Martin is also a past president 
of the Green Bay Engineers Club and 
served on the Green Bay Water Com- 
mission (1938-52). He was the re- 
cipient of the Federation’s Kenneth 
Allen Award (1946) and the William 
D. Hatfield Award (1949). In 1933 
he received the degree of Civil Engi- 
neer from the University of Wisconsin. 

Besides serving the Federation on 
various committees and as the Central 
States Director, Mr. Martin also served 
as Vice-President of the Federation in 
1954-5. He has been a member of the 
Subcommittee on Sewage Treatment 
Plant Design (1953-4), and the Ex- 
ecutive and Meeting Place Committees 
of the Federation. At present he is a 
member of the Executive, Finance, 
Joint Policy, Meeting Place and Hon- 
orary Membership Committees. 
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ELECTED VICE-PRESIDENT 


John W. Cunningham, Consulting 
Engineer, Portland, Oregon, was 
elected to the Vice-Presidency of the 
Federation at the Election Committee 
meeting on October 9, 1955. 

As a consulting engineer of many 
years experience on water and sewage 
works, he comes to his Federation office 
with a particularly good insight into 
and an earnest appreciation of the ob- 
jectives and aims of the Federation. 

Prior to the 1935 reorganization of 


the consulting engineering firm that 
now bears his name, Mr. Cunningham 
had been engaged in structural steel 
design, irrigation and reclamation 
work throughout the Pacific North- 
west. Since then he has been active 
principally in the design of works for 
the collection, purification and distri- 
bution of water as well as the collec- 
tion, treatment and disposal of sew- 
age. He holds a Bachelor of Science 
in Engineering degree from the Uni- 
versity of Wisconsin (1908) and is a 
registered Professional Engineer in 
several states. 

Mr. Cunningham has long been ac- 
tive in the affairs of professional en- 
gineers. As a member of the Oregon 
State Board of Engineering Ex- 
aminers from 1935 to 1953 he served as 
President (1950-3) and as a represen- 
tative on the National Council of State 
Boards of Engineering Examiners. 
Besides holding membership in several 
general engineering societies he is a 
member of the Pacific Northwest Sew- 
age and Industrial Wastes Association, 
the Professional Engineers of Oregon, 
the American Water Works Associa- 
tion and Tau Beta Pi. He has served 
the Federation as Director of the 
Pacific Northwest Association (1940— 
2). Currently, he is a member of the 
Executive and Meeting Place commit- 
tees of the Federation. 
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HeatX UNIT 


Digester Heat Exchanger 


370,000 BTU/hr. HeatX for installa- 
tion at Villa Park, Illinois. Burner auto- 
matically utilizes sewage gas or natural 
gas separately or in combination. A 


pre-ignition purge cycle clears the com- 
bustion chamber of any fuel accumula- 
tion before starting or between fuel 
switch-over. 


FORCED TURBULENT CIRCULATION 
HIGH RATE OF HEAT TRANSFER 


The HeatX is designed to allow 
absolute and independent control over 
each function of sludge heating; namely, 
heating of jacket water, control of tem- 
perature and flow of jacket water and 
control of digester temperature and rate 
of turnover. 

The HeatX is offered as either a 
separate exchanger, for use with existing 
standard boilers or as a package unit 


NO SLUDGE ADHESION 


complete with a Walker Process boiler 
and burner. Boilers are designed to burn 
sewage gas, sewage gas and oil or sewage 
gas and natural gas. 

The concentric tube type exchanger 
is equipped with special removable end 
castings arranged to prevent contamina- 
tion of the heating water by material 
circulated through the sludge tubes. 

Write for Bulletin 24882. 


Engineering and manufacturing a complete line of 
water, waste and sewage treatment equipment. 


| WELKER PROCES! 


WA 
Factory 


LKER PROCESS EQUIPMENT INC. 


ineering Offices — Laboratories 
Aurora, Illinois 
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Proceedings of Member Associations 


PENNSYLVANIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 29th Annual Conference of the 
Pennsylvania Sewage and Industrial 
Wastes Association was held, in con- 
junction with the Pennsylvania Water 
Works Operators’ Association, at 
Pennsylvania State University, State 


ous treatment processes. Papers were 
presented by Albert L. Genter, Balti- 
more; Robert F. Stutzman, Tully- 
town; Elwood R. Harding, Sr., 
Bloomsburg; Ralph W. Woodring, 
Bethlehem. Robert M. Bolenius, Ab- 
ington and Dewnaye D. Day, Mead- 
ville, discussed the laboratory control 
of an activated sludge treatment plant. 

Papers of particular interest to in- 


College, Pa., on August 22-24, 1955. 

The program opened with the Sew- 
age Operators’ Round Table, moder- 
ated by Frank Varner, Altoona. Par- 
ticipants were John F. Bowder, Lititz; 
Robert Perry, Meadville; James Volk, 
Penn Township; Clarence Cooper, 
Conshohocken; and J. N. Hagerich, 
Grove City. This was followed on 
Tuesday by a Sewage Works Sym- 
posium on handling sludge from vari- 


dustrial wastes personnel included: 


‘Control of Sludge Volumes Follow- 
ing Lime Neutralization of Acid 
Wastes,’’ by Samuel D. Faust, Re- 
search Assistant, Dept. of Sanitation, 
Rutgers University, New Brunswick, 
N. J. Discussion by G. M. Neas, Staff 
Engineer, American Viscose Corp., 
Philadelphia. 


(Continued on page 31a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “Parker- 
ized’’ for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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“‘Methods for Determining the 
Treatability of Industrial Wastes,’’ by 
Professor Charles E. Renn, Dept. of 
Sanitary Engineering and Water Re- 
sources, Johns Hopkins University, 
Baltimore, Md. Discussion by Roy F. 
Weston, Sanitary Engineer, Newtown 
Square, Pa. 

‘‘Treatment of Medicinal and Fine 
Chemical Wastes by High Rate Acti- 
vated Sludge,’’ by F. E. Dryden, 
Waste Treatment Dept. Head; P. A. 
Barrett, Associate Research Chemical 
Engineer; J. C. Kissinger, Supervisor, 
Waste Treatment Dept.; and J. Lago, 
Sr., Research Chemical Engineer, all 
of Merck & Co., Danville, Pa. and 
W. W. Eckenfelder, Jr., Weston, Eck- 
enfelder and Hood, Paterson, N. J. 
Diseussion by J. A. Liontas, Waste 
Control Engineer, Sharp & Dohme, 
Philadelphia, Pa. 

“‘The Collection and Treatment of 
Industrial Wastes at the Rohm & Haas 
Company, Bristol, Pennsylvania,’’ by 


J. H. Steen, F. M. Majewski, and 
Thomas Iezzi, respectively Sanitary 
Engineer, Development Engineer, and 
Assistant Sanitary Engineer, Rohm & 
Haas Co. 

‘*Conventional Digestion and Diges- 
tion with Gas Recireulation,’’ by 
James H. Blodgett, Manager, Sewage 
Treatment Plant, Dept. of Public 
Service, Columbus, Ohio. Discussions 
by T. H. Forrest, Chicago Pump Co., 
Chicago, Ill.; George Crawley, Super- 
intendent, Sewage Treatment, Erie, 
Pa.; and J. R. Harvey, Pennsylvania 
Dept. of Health, Meadville, Pa. 

Officers were elected as follows: 


President: Lewis L. Gwin. Altoona. 

1st Vice-President: George A. Elias, 
Philadelphia. 

2nd Vice-President: Bernard §S. Bush, 
Wilkes-Barre. 

Secretary-Treasurer: J. R. Harvey, 
Meadville. 


(Continued on page 32a) 


SANITARY ENGINEER 


Exceptional opportunity for San- 
itary Engineer in expanding 


industry with broad industrial 
waste reduction program. Pre- 
fer man in 25-35 age group with 
formal Sanitary Engineering 
training. Experience in the pulp 
and paper industry would be 
valuable but not essential. Good 
salary and advancement oppor- 
tunities. All replies will be held 
confidential. Send resume of edu- 
cational background and experi- 
ence to Box E, Sewage and In- 
dustrial Wastes, 4435 Wisconsin 
Avenue, N. W., Washington 16, 
D. C. 


CHLORINE GAS CONTROL 
EQUIPMENT 
VISIBLE FLOW INDICATION 
VACUUM SOLUTION FEED 
FOR 
WATERWORKS 
SEWAGE TREATMENT 

INDUSTRIAL PLANTS 
SWIMMING POOLS 


Low Cost 
Compact 
Sturdy 
ANY ONE CAN 
INSTALL 
EASY TO OPERATE 


= LOW MAINTENANCE 
| COSTS 


Write for Sterelator Bulletins 


EVERSON MFG. CORP. 
207 W. Huron St. Chicago 10, Ill. 
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SEWAGE AND INDUSTRIAL WASTES 


Surer Gland Lubrication 


for Centrifugal Pumps 


THE Z-F GREASE SEAL eliminates that 


trouble spot where shaft enters casing. Applies con- 
m stant positive lubrication to packing and shaft- 

| automatically. Excessive heat, rapid wear, leakage 

and scoring will dissapear as the 

Grease Seal supplies a constant flow 

of lubrication when pump starts until 

it stops—automatically. Many other 

advantages, too. Write for complete 

description and price. Zimmer and 

Francescon, Moline, IIl. 


FSIWA Director: Roy F. Weston, Joplin, Mo., on September 25-27, 1955 

Newtown Square. in conjunction with the Missouri See- 

Bernarp 8. Buss, tion, AWWA. Registration of mem- 
Secretary-Treasurer bers and guests totaled 230. 

The program featured discussions 


on water pollution control and its ef- 
MISSOURI WATER AND fect on water and sewerage utilities. 


SEWERAGE CONFERENCE Meeting participants resolved to spon- 


The 1955 Annual Meeting of the sor water pollution control legislation 
Missouri Water and Sewerage Con- and authorized committees of the two 
ference was held at the Connor Hotel, (Continued on page 33a) 


SIX (6) TOP SUPERVISORY POSITIONS AVAILABLE IN 
THE CITY OF MIAMI’S NEW SEWAGE TREATMENT PLANT 


The City of Miami, Florida, is accepting applications to staff their new Activated Sludge 
Sewage Treatment Plant, to be completed during the early part of 1956, as follows: 


SEWAGE TREATMENT PLANT SUPERINTENDENT. (1) 
Salary range $7,872-$9,744. Desired Qualifications: 8-10 years previous 
experience in the operation of complex sewage treatment works. Education: 
Degree in Sanitary Engineering; or in Civil or Chemical Engineering with 
courses in sanitary engineering. 


ASSISTANT SEWAGE TREATMENT PLANT SUPERINTEND- 
ENT. (1) Salary range $6,372-$7,872. Desired Qualifications: 6-8 years 
previous experience in the operation of complex sewage treatment plants. 
Education: Degree in Sanitary Engineering or in Civil or Chemical Engi- 
neering with courses in sanitary engineering. 

SEWAGE TREATMENT PLANT SUPERVISORS. (4) Salary 
range $5,388-$6,648. Desired Qualifications: At least five (5) years pre- 
vious experience in the operation of complex sewage treatment plants. Edu- 
cation: Graduation from high school or a vocational school with courses in 
the chemistry and biology of sewage treatment or related subjects. 


The above positions are all under Civil Service jurisdiction and include paid vacations 
and sick leave, health, welfare and pension plans and many other employee benefits. 
Excellent working conditions in a wonderful climate with congenial employees. 
Send complete summary of your education, previous experience and personal data to 
C. F. Wertz, Director, City of Miami, Department of Water and Sewers, 3342 Pan 
American Drive, Miami 33, Florida. (AI! replies treated strictly confidential.) 
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associations to prepare 4 suitable bill 
and enlist public s pport. 

Papers presente: at the joint ses- 
sions of water and sewage works per- 
sonnel were as follows: 


‘*Soil Mechanics—Useful Tool in 
Water and Sewage Plant Develop- 
ment,’’ by Henry M. Reitz, Professor 
of Civil Engineering, Washington 
University, St. Louis, Mo. 

‘How to Build Good Public Rela- 
tions,’’ by Robert A. Willier, Public 
Relations Consultant, St. Louis, Mo. 

‘“Stream Pollution and Its Control 
on the National Level,’’ By Gordon E. 
McCallum, Chief, Water Supply and 
Water Pollution Control Program, 
USPHS, Washington, D. C. 

“Stream Pollution and Its Control 
in the Missouri River Basin,’’ by Glen 
Hopkins, Assistant Regional Engineer, 
Water Supply and Water Pollution 
Control, USPHS, Kansas City, Mo. 

‘*Proposed Stream Pollution Legis- 
lation in Missouri,’’ by Robert C. 
Smith, State Representative, Boone 
County, Mo. 

‘‘Stream Pollution Control in Mis- 
souri,’’? by Albert W. Happy, Jr., Di- 
rector, Bureau of Publie Health En- 
gineering, Missouri Division of Health, 
Jefferson City, Mo. 

In addition, papers on biofiltration, 
gas recirculation, mechanical aeration 
and the use of concrete were presented 
at the Sewage Division Sessions. 

Charles A. Haskins was presented 
with the Federation’s Arthur Sidney 
Bedell Award at the annual banquet 
by Ralph E. Fuhrman, Federation Ex- 
ecutive Secretary. 

Officers elected to serve during 1955-— 
6 were: 


Chairman: 
Vice-Chairman: 
Joseph. 


Edward G. Lee, Lexington. 
Frank McAndrew, St. 


mer, Jefferson City. 


W. A. Kramer, 
Secretary-Treasurer 


SEWAGE AND INDUSTRIAL WASTES 


Secretary-Treasurer: Warren A. Kra- 


Yf Ordinary Paints 
Just COVER 
Rust... 


KILLS RUST! 


Learn How TNEMEC Can 
Save You Money By 
Destroying Rust Chem- 
ically in Your Plant... 


write today, on your business letter- 
head, for 


money-saving Tnemec Coatings. 


complete information on 


135 W. 23rd Ave. 


“Cement” Spelled Bockwards 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 39a) 


CONSULTING 


lanning 


Complete Serv 


PHILADELPHIA 2, 


ALBRIGHT & FRIEL, INC. 


ENGINEERS 


Water, Sewage, Industrial Wastes and Incineration Problems 
City ways, Bridge sand Airports 


Industria | Buildings 
sisals and Rates 


& Ba teriological Analyses 
and Supervision of Construction 


THREE PENN CENTER PLAZA 


PENNSYLVANIA 


ALVORD, BURDICK & HOWSON 
Engineers 


Charles B. Burdick 
Donald H. Maxwell 


Louis R. Howson 


Water Works, 
Flood Relief, 
Disposal, 


Water Purification, 

Sewerage, Sewage 

Drainage, Appraisals, 
Power Generation 


Civie Opera Bullding Chicago 


Consulting 
Water Supply, Distribut 
dustrial Waste Treatr 


age, Highways and Bridg 
Concord, N. H. Bosto 


ANDERS@N-NICHOLS 
Hlompany 


Engineers 
ion and Treatment, In- 


ent, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 


es 


ni4 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 Weat Street New York 6, N. Y. 


Consulting 

Civil Engineers, Plan 
Municipal E 
Systems— W at 
and Maps—City Planning 


Branch Offices: 


MICHAEL BAKER, JR., Inc. 


yineera—Airport Design 
Works Design and Operation——Surveys 


Engineers 
ners, and Surveyors 


Sewage Disposal 


Highway Design—Construc- 


tion Surveys— Pipe Line Surveys 


Home Office: Rochester, Pa. 
Jackson, 


Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 


Investigations 


P. 0. Box 67 Crystal Lake, Illinois 


Consulting 


Analysis 
Investigations 


Gillingham & Worth Sts. 


W. H. & L. 


D. BETZ 


Engineers 


Industrial Waste 
Industrial Water 


Design 
Operation 


Philadelphia 24, Pa. 


BLACK & VEATCH 
Consulting Engineers 
Sewage - Water - Electricity - Industry 


Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 


4706 Broadway Kansas City 2, Mo. 


Consulting 

CLINTON L,. BOGERT 
IvaAN L. BOGERT 

Rospert A. LINCOLN 

WILLIAM 


Water & Sewage Works 
Drainage 
Highways and Bridges 


145 East 32nd Street, 


BOGERT AND CHILDS 


Engineers 


Frep 8S. CHILDS 
DoNALD M. DItMaARs 
CHARLES A. MANGANARO 


MARTIN 


Refuse Disposal 


Flood Control 
Airfields 


New York 16, N. Y. 


ONLY $60 PER YEAR 


is the cost of a professional listing 


in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—lIndustrial 
Wastes—Refuse Disposal—Municipal 
Projects—Industrial Buildings—Reports— 
Plans—Specifications—Supervision of 
Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 
Engineers - Architects - Consultants 


KANSAS CITY, MO. 
P.O. Box 7088 


Phone: DElmar 3-4375 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers-——Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates—-Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—F lood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Ill, 


Your firm should be 
listed here 


. . the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


Damon & Foster 


Consulting Ctetl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 


Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 
Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 


Plans and Supervision of Construction 


150 North Wacker Drive 
505 Colorado Bldg. 


Chicago 6 
Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal % the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 


Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
W. Horne 
Bion A. BOwMAN WILLIAM L. HYLanp 
CARROLL A. FARWELL FRANK L. LINCOLN 
Howargp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—lIndustrial RBidga 
BOSTON NEW YORK 


JoHN AYER 


FINKBEINER, PETTIS & STROUT 


Carterton 8. Finxserver  Cuarves E. Perris 
Harotp K. Srrout 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply. Water Treatment, Sewerage, 
Sewage eatment, Wastes Treatment 
uations & Appraisals 


Toledo 4, Ohio 


Va 


518 Jefferson Avenue 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures ; 

rainage; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


EDWARD A. FULTON 


Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services 


of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Philadelphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction and Supervision 


of Operation 
1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (1920-1944) 
Pau! E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage e, Sewage Treatment 


220 8. State Street, Chicago 4 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
’. L. Havens A. A. Burger 
J. W. Avery H. H. Moseley 
F. S. Palocsay E. S. Ordway 
F. C. Tolles, Consultant 
Consulting Engineers 
Water, SEWERAGE, GARBAGE, INDUSTRIAL 
WasTES, VALUATIONS——LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Avrrep W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 


Hazen 


Investigations, Design, 
Supervision of Construction and Operation 


122 East 42nd Street New York 17, N. Y. 


HENNINGSON, DURHAM 


& RICHARDSON, INC. 


Water Works, Light and Power, Sewers, § ae 
Treatment, Reports, Flood Control, Apprai 
Drainage 


Standard Ol) Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting 
Ww. W. E. Buoss 

Airports — Engineering — 

Sewerage and Sewage Treatment — 

Water Supply — Municipal Engineering 
— Reports 

Shell Building, St. Louis 3, Missouri 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. 8. BesseLievre, 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Wow Supply and Purification, Sewe and 
Sewage eateeend. Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 
Industrial Buildings 


3142 Wilshire Bivd., Los Angeles 5, Calif. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 

fication, Refuse Disposal 

10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 


Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 
Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. ¥. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — _ Transportation 


51 Broadway New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 


Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 

Sewage Treatment, Public Buildings, Streets 

Power Plants, Electrica! Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 

Malcolm Pirnie Ernest W. Whitlock 

Robert D. Mitchell Carl A. Arenander 

Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 EB. 149th St. New York 55, N.Y. 


Take advantage of the services 


of these outstanding consultants! 
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RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Howe 


St. Louls 2, Mo. 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 


Industrial — Electrical 
Rate Investigations 


408 Olive St., Municipal Airport 
Daytona Beach, Fla. 


SMITH and GILLESPIE 


Consulting Engineers 


All vow of 
Municipal Public Works & 
Jtilities 


Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


327 S. LaSalle Street 
Chicago 4, Illinois 


Hershey Building 
Muscatine, lowa 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—lIndustrial Buildings 
Studies—Surveys—Reports 


Columbus li, Ohlo 


209 S. High St. 


W. TAYLOR 


Jed: E 


HENRY 
Cc 


Water Supply, Sewerage 
Refuse Disposal, Incineration 
Industrial Developments 


151 W. Merrick Rd. Freeport, N.Y. 


J. STEPHEN WATKINS 

J. 8. Watkins G. R. Warxins 
CONSULTING ENGINEERS 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 


Branch Office 
901 Hoffman Building Louisville, Kentucky 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


WESTON, ECKENFELDER AND ASSOCIATES 
Consultants 
Engi Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water—Sewage 
Surveys—Research— Development— Process 
Engineering—Operation Supervision—Anal- 
yses—Evaluations and Reports 


Newtown Square, Pa. Leonia, N. J. 


WESTON & SAMPSON 


Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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InDER TO ADVERTISERS 


Combustion Engineuting; incorporsited (Raymond Divisios) 


Rockwell Manefactaring Cémpang (Nordstrom Valve Division) ......- 


DIRECTORY OF ENGINEERS, 340-20. 


Albright & Priel, Ine: Haskins, Riddle & Sharp 
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Modern 
Concepts of 4 
Chlorination” 
Control for 
Sewage... 


AY THE WASHINGTON, 
SEWAGE TREATMENT PLANT 


Design of the Washington, D. C. Sewage 
Plant utilizes modern concepts of sewage chiorinatiaiaey 
control W&T water diaphragm, high capacity 
rinators at the Planture controlled from remote 
rate setting stations which operate by push buttom 2a 

Remote control stations aliow plant operator 
change thlorine feed ‘rates without leaving the operatiait: 
center of the plant. Remote rate of feed indicator 
stations show the rate at which chlorine is being fed 
immediately show changes in the rate of feed, 
Chlorine Flow Recorders give a permanent req 


the daily chiorine feed of each chlorinator and abo tam 

total amount of chlorine fed to each point of applicatiam: #6 


In addition to remote chiorinator control, W&T ofem 
many other types of accurate and effective ConifGn: 
which can help the operation of y jour plant. From simple — 
intermittent start-etop operation through automatic pre 
portioning of chlorine feed to sewage flow, 
trol based on plant flow patterns, and ORP 

‘rollers; WikT can answer your chiorinater control 
pr 
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